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The first volume of the ** Studiejj in Micko«copical Science " 
consisted of a series of Essays which, thougli each was complete in 
itself, had little connection witli each other. In tlie present volunie an 
attempt 1ms been made, in the Sections devoted, i-espectively, to 
Animal and Botanical IIifttolo<;y, to work out a special subject in so 
far as the series of twelve short essays in each section admitted of such 
u*eatment. My best thanks are iluo to Mr. W. Fearnley, who con- 
tributed the Section in Animal Histology; to Mr. David Houston, 
F.LS., F.K.M.S., Lectui-er on Botany and Biology at the Birkbeck 
Institution, who undertook the liotanical Section. Both these 
gentlemen kindly contributed to tlie " Popular Studies," m which 
Section also I was greiitly assisted by Mr. Frederick Greening, 
Lecturer on Animal Morphology and Histology at the Birkbeck 
Institution. Mr. Fearnley rendered most valuable assistance in respect 
of the " Methods of Microscopical Research ; " whilst the very 
ela]x)rate antl beautiful drawings from the preparations were contributed 
by Mr. Edward T. Draper, to whom I ofl'er my warmest acknowledg- 
ments;. The preparations were made l)y my son, Mr. Martin »I. Cole 
(Instructor in Practicnl Microscopy at the Birkbeck Institution), and 
myself. I desire to express my grateful sensi* of tlie very kind and 
appreciative notices and reviews accorded to tlie ** Studies" by the 
Editors of the '* Journal of thi-: Royal MicRorsCOPiCAL Societv,'* 
' SrjENCE Oossip," *' Illustratlu SciKNCi: Monthly," "The Micro- 
M.oPK'AL News," and numerous oiher .lonrn;ils in this (.(nintry ;ind 
America. 
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Studies in Microscopical Science. 



SECTION l.-ANIMAL HISTOLOGY. 



Thg Morphology < 



Althougli the term hidology* literally BigniBea, a discouree about lisaues 
in general, its meaning in natural science is now liinitcil to a conaidera- 
Ijon of only the minute detuils of structure. Uietology then, is pi«- 
lently a microscopic i»l science; and animal histology is concerned 
liucclusively in the iuvestigatiou of animal tissues. 

As in pbysictil science the chemist builds up his system of pbilonopliy 
ot of atoms endowed with energy, so tlie histologiat commences with 
Lia elements, -—cells imbued with life. A distinction must be drawn 
etween anatomical and physiological histology ; tlia former deals with 
be shapes of cells and their relation to each other, the latter ti'eate of 
^eir functional activity or life. It is only with anatomical histology 
tiiftt we are at present concerned, ami our first inquiry must be confined 
to the ultimate element from which all tissues arise or are built up, and 
vfatch has been termed the morphological unit or eeU. 

Tbb Cull Tbeorv. — Since the discovery of tlie cellnlar nature of 
•Dinial tissues by Schwann^, in 1835, there has been much diversity of 
lOpinion. as to the true nature of the uiorphologicnl unit Some have 
lilBserted that it consists of a minute mass oi iuditferentiated protoplaRm ; 
'tfut ii to say, protoplasm in its most elementary condition, without any 
iHgoof structure, — not even a separation into aa outer dense and an 
ioner soft layer ; others have taken up this primordial particle and have 
Iteld it to be the ultimate condition from whence every morphological 
deiives its existence, and, when it is in this primitive state, have 
iftonaideied that it deserved some special name, wherewith to distinguish 
ift (torn all other things, and the cytode^, as it was called, ranked as a sort 
tt histological Adam. 



'. JoTirs, wab, tinas 
flr. larlov, tiasue. 

iUikrotkvpiKfu Unterii%chungen, Sydeuham Society' 
p. 166. 

" om the Greek for coil, kitds ; the term all ia cisrivecl from Clie Litio alia, 
akin to «tan, to bide, coqgmI, hence a small closed cavity or hollow placo. 



AiiyoE, diaconrae. Alio written Hiiliology, front 
on, LonJon. 1847, 



2 THE CBLL THEOKV. 

But this varying nomenclature cnmo to bn only coitfuaitig, nnd tlie 
name cell once more regained its a-cendancy. But it waa found that as 
the history of tlie lon-er forms of xnimnl life were studied slid reTeded, 
that they were nothing more nor teas than single cellx, it was still an open 
question what the cell essentially consiRts of. Hypoiheses at their iirocipila- 
tion, aiidsu bsequentmodificationwerenot wanting to account for iheir exist- 
ence. Must observers, however, ngreed lliat the outerpart, which ia usuully 
firmer in texture, was not easenlial, but only the result of development, 
and the cell-wall ceased to trouble natui^lists- But, wiihin the cell, 
there often exists a denser portion, uBually of spherical form, and thi* 
nudetis, and its contained mtetfolm, were long looked upon by some 
observers as the necessary origins of the cell ; their conclusions being 
based upon the fact, that when nucleated cells multiply they gcnenlly 
do so by a division through the nucleus, and greater weight was attacheil 
to this, iuHsmuch as in all previously observed cases of sexual generation 
those of the nucleus heralded all subsequent changes. Moreover, amongst 
the unicellular animals, known as Iiifiuona, so active do llie nucleus and 
nucleohis become, that a specialisation of function, the function of repro- 
duction by sexual generation, was assigned to them. The imjuirtance of 
the nucleus to the ceU f^lls to the ground, however, when we come to 
consider that there is a. legion of forms which do entirely without a 
nucleus throughout the whole of their lives, and that, indeeil, this ilif- 
tinction of nucleated and non-nucleated cells lifts been taken advautn^ (if 
in a natural clnssitication of ihese lowly organisms, which thus admit nf 
a division into Manera^ and Endojilimtka.^ Supeiadded to this tlietw is 
the i nconl est ible fact that nucleated cells, even amongst the highest order 
of nnimated beings, often subdivide in their development, independently 
of their nuclei. 

From what has lieen slated, it will lie clear that nil nttetnpts a> ii 
nomenclature which seeks to designate any single definite thhig as n cell, 
must of necessity be futile, for the morphological unit varies, not only in 
it« nature from the very commencement, but in the course of its indi- 
vidual development. Thus, the simple mass of undiflerentinted protoplasm 
known as ProUimcBlia, originates as PriiUimoiiia, and often remains a 
fixed type ; but it may change, it may develop a nucleus and contraotilc 
vesicle, and become an Amocha. Awacha iiself may reproduce young 
Ameeba:, which do not differ in any wuy from the parent organism, end 
which grow thereafier, but in siiso only. Other cases comnienoe u 
Avueba, but nibseqiicntly develop nilo more complex forms, e.g.. Hydra. 



iQr. ltov6%, aingle, on ordtr or Proloioa, enilmdtig those fonni wliese bodici 
uoTifUt of »im|>I< unili)Tc[FntiaIcil iirotn])lBsni. 
SGr ivSoe, Kitliin ; irAoo-nis, rortiitd ; iiurlealed Proloaia. 
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Each cell of the adult Hydra assumes a cohimnar, or rather a cuboid ' 
sliape, is nucleated, and |)osse88e8 an outer membranous envelope, some* 
times only recognisable as a denser hyaline portion. 

Amongst the higher animals, most of the tissues of the body, save 
those of cci-tain glandular organs, are composed of aggi^gates of nucleated 
cells with wcll-detined cell-walls. In the course of growth, some of these 
cells are cast off from the economy, as mere cell-walls, their contents have 
vanished, and they are no longer of any use to the body ; they exercise a 
protective function to the cells beneath them for a time, and are there- 
after discarded ; familiar examples of such cells may be seen all over the 
geiienU surface of the body ; they may l)e readily obtained from the region 
of the scalp in man, whence their detached elements are known as '* scurf," 
in the external ear, near the roots of the nails, and the transitional or red 
]<ortion of the lips they are most noticeably abundant, and can easily be 
procured for examination ; in certain local and temporary imtations, such 
as chaps and blisters they are sometimes too evidently manifest, and in 
chronically diseased conditions, as in psoriasis and scurvy, they are painfully 
present. 

But there are other cells in the body which also ultimately lose their 
nuclei and cell-contents, but, in so doing, accumulate an amount of matter, 
in their cell-walls, upon the passive mechanical propeHies of which their 
])liysiological functions depend. The enamel fibres of the teeth, in all the 
higher animals, afford excellent illustrations hei*e, for they consist entirely 
of thickened calcified coll walls of peculiar elongated shapes, apposed to 
one another. 

In the mucous membranes, all the superficial cells of their secreting 
surfaces are of columnar or sub-columnar shapes, and possess nuclei, but 
every hero and there, one of the cells assumes a globular shape, its upper 
rim bursts, and its contents are partially discharged ; by some observers 
these goblet-cells are looked upon as unicellular glands, with a mucin 
secreting function, by others they are regarded as the degraded equiva- 
lents of the dead scales of the skin noted above, and make room, in 
this manner, for the younger cells, which are destined to take their 
places. 

Yet a little more deeply seated, within the true glands of the body, the 
cells arc devoid of any distinct envelope, but are possessed of 
well-developed protoplasmic bodies of a firm consistency, and are 
nucleated. 

Other tissues of the highly organised aninnd body present cells which 
are nucleated ami ])osseHs both protoplasm and cell-walls, yet they lie 
imhi'ddcti in a substance which it is difiicult to account for, and which 
would defy the laboui-s of the histologist, unless h« studied the growth of 
the tissues in (juestion. For instance, the whole group of the connective 
tissues present this phenomenon — that their cell-walls are being constantly 
produced from the protoplasm within, which divides, and gives 
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rise to new cells, which, in their turn, form new cell-walls, until n certain 
stage is arrived at, when further development ceases. Concurrently with 
these chans^es of growth, the outer moieties of the cell-walls become fused 
together to produce a more or less homogeneous intercellular substance, 
known as the matrix in hyaline cartilage, whilst the cells themselves retain 
their individuality intact, that is, they are possessed of protoplasm, nucleus, 
and cell-wall ; the change goes a little further, and the homogeneous-look- 
ing matrix becomes fibrillated, in which case the varieties of tissue, known 
as white fibro and yellow fibro cartilage result, the difference being mani- 
fested in a preponderance of the gelatigenous element in the former, and 
of the elastic element in the latter instance. In every case, however, the 
cartilage cells remain of an ovoid form ; where they subsequently throw 
out processes, and where the matrix becomes highly calcified and the ori- 
ginal cell-wall, too, takes up lime salts, the branches, anastomose, and, 
finally, the protoplasmic cell processes are withdrawn, the structure known 
as bone is the result. 

To diverge in yet another direction, the cells may throw out filaments 
which anastomose, and form a reticulated structure; at the same time, 
they produce a jelly-like material in the intersiiaces of the reti- 
culum, that is known as mucous tissue, and is the transitory 
form of embryonal tissue ; it obtains permanently in the vitreous 
humour of the eye. The foetal mucous tissue develops still further with 
the growth of the animal, and the mucous intercellular matrix becomes 
fibrillated ; when the gelatigenous element is in excess it is called white 
fibrous tissue ; when the fibres are chiefly composed of the elastic element 
it is said to be yellow fibrous tissue. Some of the cells of the connective 
tissue withdraw their filamentous processes or may never develop them ; 
in this condition they ])ossess tlie power of locomotion, and are teimed 
wandering cells ; others remain fixed and immovable, clasping the fibres 
which they combined to produce, whilst a third set remain fixed, but 
slowlv chan^'e their fonn. 

There is yet another interesting type of tissue called retiforni or 
adenoid tissue, which is composed of a dense reticulum organically derived 
from the coalescence of branched cells. Tiie network thus produced may 
give rise to cells of other shapes ])y a process analogous to gemmation, 
ami sujjcradded to all this the interspaces of the reticulum may be filled 
with corpuscles derived from quite another source, viz., the lymph. 
Adenoid tissue is characteristic of the spleen and lym]>h glands in general. 

Muscular and nervous tissue again, form a departure from the normal 
type of the cell in very marked ways. AVhilst their cell walls and nuclei 
remain but slightly altered except in form, their protoplasmic contents 
undergo profound changes, resulting in the case of striated muscle in a 
peculiar banded structure, the true nature of which is still involved in 
considerable obscurity, owing to the complicated questions which have 
arisen from imperfect illumination and the \ise of the high ]»owers of the 
microscope which are required for its ehuidation. 

Yet all the.se diverse forms of elements have been culled re/h ; from 
thf in<le])endent little Proiamaha^ with its apparently structureless jelly- 
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like body, throu;^'h the pajwive calcified cell-wall of the enamel fibres of 
the teelli, to the complicaled cells of striated miiscnlar fibre. No nitional 
attempt to classify them was made until recently, when Rutherford^ did 
so in a clear exposition lo his students in the University of Ediuburgli. 
The following is a slight motlification of his generalisation : — 
A cell may be any one of the three fiillowing things : — 

1. A protoplast, with or without a i»eriplast. 

2. An endoplastic or nucleated protopbst, with or without a peri- 
plnst. 

3. A periplast from which both protoplast and endoplast have 
vanished. 

From what has already been stated, it will be gathered that the term 
cell may be employed to denote a va^t variety of forms. It may be 
|>ointed out here, however, tliat even the nomenclature of Rutherford 
is to a cei-tain extent ambi((nous and in more ways than one. For instan<rey 
amnn<;st the lowest forms of life there are structures of the simplest descrip 
tion which in certain stages won Id be classed under the firi<t cat egory^ t.f., 
as simple nnn-nucleated protoplasts ; but when their life-history is worked 
out, they can no longer be looked u}K)n as single morphological units, for 
they are shown to be composed of a number of cells which liave coalesced 
to form a fdatntwduim it) which no trace of former aggregation can be 
de'ecteil. The pI:ismoilinm of Haeckel's Protmiiyxfi is of this nature, 
and amongst certain plants (Mijxomycetes) the formation of plasmodia is 
the rult>, not the exception. Then again,in speaking of the cells of onlin- 
nry connective tissue, only the corpuscniar eleinents are taken into 
account, although in strict conformity with the definitions given, the 
fibres of the matrix ou;;ht also to be included. So also, in desciibing the 
cells of hyaline cartilage, the matrix which they produce siiould be 
considcied. It would be well if the term corpnsde could be retained 
for such stiitctures as are c nly the partial derivative-* of sing'e cells or 
morphological units, ami the term cell confined to the total product of 
each unity ; in that case the word blood-corpuscle would have to be 
abandoned for blnod-celL 

The three parts which enter into the structure of a typical cell, are (1) 
protojilasni, (2) cell- wall, (3) nucleus. The protoplasm is the chief amongst 
these, inasmucli as without it the cell could not exist ; every cell at some 
stage or another of its life possessed protoplasm as an integral part, and 
every living and growing cell possesses protoplasm. The cell-wall may 
or may not exist, and is therefore, only of secondary importance, although 
it may finally come to be the most essential ponioii of the cell, as in the 
enamel fihres of the teeth, and in the red blood-cells of the mammnliu. 
Unlike the protoplasm, the cell-wall, although endowed with life, is in- 
capable of multiplication ; it cannot of itself, give rise to new cells whereas 
the protoplasm can become the seat of cell multiplication. The true 
nature and functions of the nucleus, with or without its contained 
vesicle and nucleolus, is not yet understood. Its prevalent division, 
previous to the division of the protoplasm in cell multiplication, 
lung caused it to be invested with undue importance. The ten- 

1^ Text Book of Physiology, Edinburgh, 1880, pp. 27, 29, 30. 
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dency now is to regard it as merely a denser portion of the pro- 
toplasm, and to doubt its importance as a peculiar structure; un- 
til its functions arc definitely ascertained, however, it would be presump- 
tuous to attach either an undue value to, or to underrate it. In the 
young condition of cells which possess nuclei, the latter are of sphericiil 
form, and more or less central in position. As the age of the cell ad- 
vances, the nucleus shows a tendency to assume a paiietal position, and to 
become oval, or even quite flattened. It always exhibits a greater 
affinity for such re-agents as aniline dyes and carmine than the siirround- 
ing protoplasm, and is not so rapidly acted upon by acids and alkalies. 
On chemical analysis, in certain cells, at all events, e,g,y pus, it yields a 
special albuminoid substance, yiudeiti, which is absent from ordinary 
protoplasm. The researches of Klein, Flemmino, and others have shown 
that it possesses a minutely reticular structure, which they term iiUra- 
nuclear^ in contradistinction to the intracellular reticulum, which they 
have detected in the general protoplasm of the cell. Within the nuc- 
leus, one, two, or more nucleoli, may sometimes be observed. These are 
usually of denser formation than the nucleus itself ; their function has 
hitherto been merely a matter of guess work, and, on account of 
extreme minuteness, their chemical constitution has not been discovered. 
Sometimes the nucleus contains a space or vesicle, which is revealed 
by the double contour of that body under a high power of the 
microscope. 

The reader can readily verify what has been said regarding Klein's 
demonstnitions of an intranuclear and an intracellular reticulum. Many 
old horse-ponds contain the common newt or eft, which is easily 
caught in a small net. Take two newts, confine one in a small quantity 
of water for a few days (usually about four), and the whole epidermit 
will be shed as a fine film, giving a complete cast of the entire animal. 
Place a snip of this in absolute alcohol for twenty-four hours ; also, 
another snip in a saturated aqueous solution of picric acid for tht; 
same length of time. A small piece of the former may be stained in 
logwood solution, and mounted in Farrants' medium, whilst another 
small piece, hardened in the picric acid — after being washed free from 
the acid — may be stained in picro-carmine for an hour or more, and 
also mounted in Farrants' medium. As the film is extremely thin, 
care must bo taken to press the cover-glass down upon the slide, or a 
flat field will not be obtained. Either preparation will prove a permanent 
slide, and beautifully demonstrate the intracellular network of fibrils. 
Cells sometimes liave a granular appearance, due to the ends of these 
fibrils being in focus. The other newt must be killed, its mesentery 
carefully removed, and placed in a five per cent, aqueous solution of 
chromate of ammonium for twenty -four hours. At the expiration of 
this time, wash it free of the solution, then snip off a piece, and 
stain it for several hours in picro-carmine and mount it in Farrants' 
medium. This also must be well flattened upon the slide in order to 
obtain a flat field. It exhibits the intranuclear fibrillation in the cell of 
the numerous, half-isolated (in Home cases wholly isolated) non-striated 
muscle fibres. The protopUusm of cells has so strong an affinity for the 
ordinary staining fluids that its bare existence can be easily and con* 
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-stantly detected by the observer when examining parts of plants and 
aniniaK It is watery to sonie extent, but will not mix with water in the 
living cell. Real granules are frequently imbedded in parts of the hyaline 
substance of the protoplasm ■; globules of watery fluid also are sometimes 
to be observed- Tlie chemistry of protoplasm has not yet been decided^ 
but it is, at least, similar to albumen and usually neutral in re-action, or 
weakly alkaline. The great elasticity of protoplasm is seen in the cells 
lining the bladder, the arteries, the air vesicles of the lungs and the 
pleura. The most interesting feature to the observer, and the most im- 
portant property of protoplasm, is its curious powers of movement. These 
are truly wonderful, and are easily observed, but as the movements are 
slow and uncertain, the observer must exercise patience, and devote, at 
leiist, an hour to their study, durii\g which his observation must be con^ 
tinuous. He will also jQ;ain a better idea of the attitudes assumed by the 
protoplasm by sketching, at stated intervals, tke form of the cell he is 
watching, and then comparing the sketches. The best specimens for this 
purpose are the Ammixe, minute organisms to be found in stagnant water, 
in mud, or in damp earth. These have the appearance of a particle of 
Jelly. The most readily obtainable masses of living protoplasm, how- 
ever, if the observer does not object to the prick of a fine needle, are the 
white corpuscles of the blood. A handkerchief is wrapped tightly round 
the finger, which is then pricked, and a minute drop of blood placed on 
A clean slide. The slide is laid on a warm stage — a piece of copper 
plate, pierced with a hole, will answer the purpose, provided it be long 
enough to extend beyond the stage, so that a spirit lamp may be used to 
warm it. The heat must be carefully regulated, because if too great warmth 
be applied, the movements will cease. Some observers place solid pieces 
of Cacno-butter on the slide, as beacons for this purpose^ Should 
the white blood-corpuscle be under observation the changes of form will 
be found to be very similar to those of the amoeba, but slightly less active. 
The first thing to strike the observer is the formation of a paendopodium, 
which appears as an elevation on some pai-t of the cell, this increases in 
size, and currents carrying granules flow into it. Sometimes an incoming 
and an outgoing stream of granules may be seen in one and the same 
protrusion. It is by means of this throwing out of pscudopodia that the 
cell is enabled to move from place to place. The process is extruded, the 
rest of the body follows, and in this manner progression is achieved 
The ingeMion of foreign ^var^/Wcrf is also a phenomenon easily seen 
in the protoplasm of amoel)8e or the white blood corpuscle^»v 
The blood of the newt, by preference, is taken, on account 
of the larger size and number of the white corpuscles. 
Take fine granules of carmine, vermillion, indigo, or of aniline blue, which 
has been precipitated by alcoliol from an aqueous solution. These may 
be mixed with water, or with white of egg, 1 part, and salt solution 
(} Vrt) 2 parts, and strained through muslin. The blood is placed on a 
slide, and a ring of oil run around the cover to prevent evaporation, and 
the slide placed upon a warm stage — less warm in case of newt's 
blood being used. ConNHEiM proved the practical importance of feeding 
the white blood-corpuscles with these pigments, by JBJecting, for several 
days in succession, 2 or 3 cubic centimetres of ^BqTi containing fine 
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particles of aniline blue, into a Riibcutaneous lympli-sac of the frog. The 
lyniph-corpusch^s cnveh)ped ihe bhie granule^ amd entered the circula- 
tion. After some days he inthiced inflammation of the cornea, and found 
among tlie pU9-ceIIs at the scat of irritation some containing tlie blue 
granules, thus proving that tliey had emigrated from the blood- ve8«»el8 
into the corneal tissue. This cxi>eriment establishes the assertion that 
the protoplasm of cells is cafmhle of movement from part to part, and is 
also capable of enclosing particles with which ii comes into contact. The 
particle will be first observeil to adhere to the suiface of the protoplasm ; 
then processes from the protoplasm are thrown out around it and by them 
withdi*awn into the interior, where it may remain some time, being carried 
hither and thither by any currents that may happen to be flowing in any 
part of the interior, and, of course, carried bodily with the protoplasm 
wherever that may wander. After a while it may be expelled. Varia- 
tions of temperature influence the movements of this protoplasm ; thus, 
ill warm blooded animals, any cooling of t' e protoplasm l>elow 1 0* Cent, 
causes cessation of movement, which, however, is resumed on restoring 
the warmth ; the activity being heigthened up to, and a little Ijeyond, 
the temperature of the body from wliieh the protoplasm has been drawn, 
to cease, however, if the abnormal temperature be long continued. 
Oxyg€7i, also, is requisite to keep protoplasm in its active state, though it 
can go on for a short time without a fresh supply. Water appears t«> 
act as a stimulant, or rather, perhaps, as an irritint : if absorbed to a 
slight extent, the protoplasmic movement is accelerated : Ix^yond this, it is 
destroyed. Alkalies^ also, when very dilute, act like water upon it, to 
some extent, but not so acids. The vapours of chloroform and ether 
rather arrest the movement without destroying its capahility,which may be 
seen to reappear soon iifter the vapours are withdrawn. Should the 
student wish to apply these vapoui-s or gases, he can easily <lo so by 
placing a drop of the substance on a slide, with a glass cell around it, 
and then viewing the protoplasm as it adheres to the cover glass, its 
under surface, of c(mrse, being placed over the glass cell. 

The preparations of Glol^jjen'iiu ooze and of PoIf/ci/Ktina, have ]>een 
selected as showing the elaboration of cfjlcar&ms and si/tceons tests, re- 
spectively, by unicellular organisms ; as exhibiting the animal cell in 
its most complex form ; and as typical examples of the Foraminif^Mous 
and Radiolarian groups. The calcareous shells of Glithffff'rina hnlloides 
consist of nearly spherical chambers, pro^re^'sively increasing in size, and 
opening into a vestibule common to all. In the living sate, floating 
Globegerinae are met with in the surface watei*s of the Ocean, and \vero 
caught in ** tow-nets" by the scientists of the ** Challenger** exixnlition. 
The shells, during life, will be found to be furnishe«l with numerous 
delicate calcareous spines, which extend themselves ratlially from the 
angles at which the ridges meet to a length of four or five times the 
diameter of the test. At the bases of these spines the sarcodic sub- 
stance exudes through the ]H)res of the shell, forming a flocculent fringe 
around it, which extemls itself <»n each of the spines, creeping up one 
side to its extremity, and passing down tlie other with a peculiar flowing 
movement. The whole of this san'cnlic exteii<ion is retracted, if a tlrop 
of an irritant fluid be added to the www o>ii:. lining the organisms. 
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Sir Wyville Thomson maintained that these organisms only live at, or 
near, the surface, and that, when they die, they lose their spines and 
sink, thus occasioning a continual rain, so to speak, of Globogerinse to 
the ocean floor ; whilst Dr. Carpenter asserts that they have been found 
living at the bottom, having passed ))art of their lives in tlie upper 
waters and sunk when the thickening of their shells renderid tliem too 
heavy to float ; whilst many types pass their whole lives at great depths. 
The Foraminifera mny be caught, and their habits studietl, by care- 
fully examining sea weeds, zoopliytes, etc., to which lh<»y adhere. 
The yttemlnpodia of Polycystina radiate in all directions from the 
deeper portion of the extra capsular sarcode, and in some s])ecies are 
bmnchiate and anastomose, whilst in others they are enclosed in hollow 
rcids, which form pait of the siliceous skeleton, and issue from the ex- 
tremities of these. A flow of granules takes place amongst them, and 
iliey feed on diatoms and other minute algse, m iriue infusoria, etc., in 
the manner already describe^]. 

BlBUOGRAPHY. 
Quain's Anatomy. 
RtJTHRRF0RD*s I rrvctical Histology. 
Carpsnter on the Mteroscipe^ etc, 
HvxLBY and Martin's I*ractieal Biology. 



THE BLOOD. 



Blood of Frog, double stained. 



Etymology.— Blood w. [Anglo Snxon bfod, Gothic bIM, Icelandic 
hldfih, German hlut] The fluid which circulates through the arteries 
and veins of men and animals. This is a rough definition. It is more 
correct to say, that it is the great carrying agent of the body which 
supplies itself and the remaining paiis of the botly with air and piibulum, 
and bears away the used and noxious parts of the various tissues to their 
respective outlets. 

Description. 

Blood may be roughly regarded as consii^ting of a flm'fi (plasma) in 
which are suspended a number of more S(>ivl bodies (the red and whitf 
corpuscles). If we take hyaline cartilage and bloo«l ami coni])are them 
we have cartilage corpuscles fixed in a fiim **8«ftting." The matrix on 
the one hand, and blood corpuscles floating in a liquid setting tin? 
plasma on the other. Bloo«l is thus seen to be a tissue us cartilage is 
tissue. It is the great medium of exchange between all parts of the 
IwKly. Its universid distribution in the body has led IJornan^ 
to remark that it is an interual jnftdium bearing the s»in)f 
relations to the constituent tissues that the external mediun , 
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the world, docs to the whole individual. Just as the whole 
animal organism lives on the things around it, its air and food, 
80 the several tis.>ues live on the complex fluid l»y wliich ihey 
arc all bathed, and which is to them their immediate fnod and air. From 
this it follows that the composition and characters of the blood must be 
forever varying in different parts of the body, and at different times. 

It is, therefore, with the above understanding that we now proceed to 
give a physical analysis. 

The blood within the arteries is scarlet : within the veins dark purple. 
It is slightly heavier than water, its sp. gr. being 1*055. It is saltit-'h 
to the taste, with a sli;^dit alkaline reaction, and an odour in all cashes 
peculiar, but in some cases so peculiar that one can at once tell the source 
from which it comes. The naked eye appearance of iiomogenity is de- 
ceptive, as plainly shown with the microscope whil8t in the animal body, 
by taking a transparent living tissue, such as the web of a frog's foot, 
frog's mesentery, bat's wing, Hsh's tail, etc. A drop of blood on a slide, 
also reveals its complex character, when viewed through the microscope, 
with even a low power. 

The liquor sanguinis or plasma, when the blood is drawn from the 
body, separates into two parts, a solid and a liquid. The solid gradually 
becomes solid, and in doing so contracts and squeezes out the liquid. 
This solid is calleil Jiliriny and the liquid it expresses seinim. In becom- 
ing solid the fibrin encloses the corpuscles, and then we have a clot with 
liquid serum on its surface. In other words; if we catch blood in a vessel, 
such as a basin, as it flows from the body, then let it stand, we find it 
form two substances, a liquid, the colour of straw; and a solid, 
almost scarlet. The coloured clot is, as we have said, fibrin, that has 
entangled red corpuscles and has shrunk. In clotting, tlie fibrin 
contracts in all directions, therefore we find its surface saucer-shaped : 
its sides have shrunk away from the sides of the basin, and the serum 
it has squeezed out floats both on it and around it, and slightly beneath 
it. Quain (vol. ii. 9th Ed.) gives a diagram of the above; thus : — 

I Corpuscles... ••• I PI t ^ 

Liquid blood -J j Fibrin ^ ^ \ Coagulated 

( Liquor Sanguinis -J ( blood. 

{ Serum . . J 

If we tie a handkerchief tightly round our finger, then prick the end 
of the finger with a small sharp needle, then j)lace the minute drop of blood 
which oozes forth on a perfectly clean slide, and cover it, using very 
gcr.tle pressure to flaltp?i it wt*ll out, wo fiiul nbnndant pnle-straw 
coloured corpuscles (the red corpuscles), and here and there a colourless 
globular body (the white corpuscle). After a while the red corpuscles 
collect into rolls like a pile of pennies. These red corpuscles are, in man, 
biscuit shaped : that is, they are round and thicker at the edge than in 
the centre. Technically speaking, they are biconcave discs. Their 
average diameter, they vary slightly, is about aaVoth of an inclL 
Should the light pass through several of these, then we see 
that they aie red. These red corpuscles are elastic and very com- 
piessible, as may bo seen during their circulation. Vieronlt 
calculates that there are f) ,000, 000 red corpuscles, and 10,000 
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white corpuscles in a cubic Tuillimeter of lieallby liuman blootl. The 
number of these corpuscles relatively varies much. In fine, healthy, 
human blooil there will be 1 white corpuscle to about 500 red ones. 
Then, n<^ain, those living in towns do well if they can keep the ratio at 
1 in 300. Further, in the anaemic the proportion is still lower. 

In structure, the red corpuscles are formed of a colour giving crys- 
tallizablc substance called Jnemoijlohin^ and a colourless part called the 
stroma. Water readily dissolves hsBDioglobin, so that if a drop of water 
be added to the diop of blood, the red corpuscles discharge their 
hflemoglobin an- 1 remain spherical colourless bodies. Many other agents 
also dissolve out the haemoglobin, dilute ncids among these. If a weak 
solution of tiinnic acid be used the haemoglobin is discharged, but being 
insoluble m ttie tannic acid it auncres to the surface of the colourless 
stroma like a daik coloured globule. After its escape from the red 
corpuscles the haemoglobin crystallizes into elongated prisms. Rutherford 
gives the following method for obtaining a permanent preparation of 
haemoglobin for the microscope : — **Kill a rat or mouse by the inhalation 
of ether. Place a drop of lU Hood upon a slide, and add twice its 
volume of water. Mix the two with the point of a needle, and allow 
slight evaporation. Prismatic crystals, either isolated or in rosettes, will 
be found. These may be preserved by allowing the blood completely to 
dry before the application of the cover-glass, and then applying a drop of 
dammar or balsam solution and covering." 

The stroma of the red corpu-cle, after the haemoglobin has been 
wa5?hed out, is found to be composed of paraglobulin, cholesterin, and 
protagon. (Quain). 

The blooil of the frog which accompanies the present number is seen to 
differ from the above description mainly in the red corpuscles being 
nucleated, and the corpuscle being oval, not round. Water causes both 
nucleus and stroma to swell up, and the coloured part to withdmw. 
Both coloured matter and nucleus can be expelled from the red corpuscle 
of the newt or frog by a 2 per cent, solution of boracic acid. One or 
two nucleoli within the nucleus of the amphibian red corpuscle can be 
brought into view by dilute alcohol. The nucleus contains a close net- 
work giving to it a granular a])pearance. The nucleus is of the same 
shiipe (oval) as the corpuscle itself, and is about one-third tlie length of 
the latter. Very likely the term nucleus, and our regarding the nucleus 
as a separate entity is misleading ; because it is not visible in the red 
coq^nscle of the amphibian within the body, and in its normal surroundings. 

With regard to the existence of an enveloping membrane there are 
two cvhools : one which says thcro is, and adduces as j roof, that the 
action of certain fluids upon the red corpuscle is osmotic, and causes the 
corpuscle to swell out from the discoid .shape to the globular, or to shrink 
and become crenaled, according to the reagent used. The other school 
refuses to accept this as evidence, and asserts that if the interior of the 
corpuscle be more fluid than the exterior, the osmotic action would still 
be present. The latter also \ oint to the fact that no one has ever seen a 
separate cell wall. 

The white blood-corpuscles is not quite so familiar an object, as it 
requires looking for in cxaniining human blood. Only students see it, o:t 
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account of its scarcity, one white corpuscle in hundreds of red corpuscles, 
lu our article on the cell, the properties of these reinarkahle hodies ariv 
dwelt upon at length, the most remarkable among which is the change of 
form. OixJinarily, however, we- may safely reganl them as spherictil, and 
any form they assume that is not sjAiorical records a degree of movement,, 
the power being inherent in the corpuscle, and capable of being aroused,, 
as has been already stated, by waimth and other stimuli. They are 
somewhat larger than the red corpusck, being about the ?«^-oth part of an 
inch in diameter. As has been described, it is a minute protoplasmic 
structure, enclosing one or more nuclei. 

Besides red and white corpuscles, there are other bodies discernible, 
the chief among which are minute round colourless particles, elementary- 
particles ol Zimmermann or hcematohlasts of Hayem. 

Double Staining of Amphibian Biood. 

The preparation which accompanies this number has been stained aeconl- 
ing to the method, slightly modified, of Dr. Allen Y. Moore as described in 
"The Microscope and its Relations to Medicine and Pharmaey," vol. ii., 
No. 3, Aug. 1882. Two solutions are used, named respectively A and R 

Solution h. 
JSosin. ... ... ... 5 ffrains- 

DiMtillbd wftter 4 drMns. 

Alcohol 4 drains. 

Dissolve the eosin in tht w»ter, then add the alcohol. 

Solution B. 
Methyl aniline green ... 2 grains. 
Difltilled water 1 ounce. 

Having chloroformed a frog its head is cut off and the blood taken from 
the parts, or the frog is pitheil and blood taken from the- heart. Dr. 
Moore directs the drop of blood to bo placed on one slide and the 
edge of anotlver slide to be drawn over this to spread it out. 
After spreading it is allowed to dry, then it is flootled with solution A 
for a few minutes : then the slide is dipped and agitated in clean cold 
water a few seconds; then it is flooded with solution B a few minutes, 
and again agitated in water to wash off the surplus stain. It must now 
be set aside out of the way of dust till quite dry, then balsam or dammar 
added, and the cover put on. 
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EPITHELIAL TISSUE. 



X 400 dianietei-s. 



Etymology. — From the Greek ept, upon, and ^cXc, a nipplfi. 



Most of the free surfaces and membranes of the body are lined by epi- 
Iheliuin. It is found on the surface of the skin, also on the inverted skin 
(mucotiB membrane) which lines the alimentary cnnal, lachrynml, nasal, 
tympanic, respiratoiy, urinary, and genital passai^es, and the various 
^^andular recesses and ducts which open into these various passages. Tlien 
agaio, under the name of endothelium (from endo, within,) it covers the 
(tm surfaces of the serous membranes, which line the closed cavities 
(chest) alnlomen, etc) Lastly, it covers the inner surfaces of the heart, 
blood, and lymph vessels. 

Tlie classification of the various epithelia may either be according to 
function, or according to shape and arrangement. It will suit the pur- 
pose of our present study to use both classifications, taking the latter 
first 

There are three forms, the first of the three having four varieties. 
We may tubulate them thus : — 

1. — Simple : — 

a. Pavement. 

b. Colunmar. 

c Spheroidal, or Glandular. 
d. Ciliated. 

2.— Stratified. 
3. — ^Transitional. 

The simple is so called because it is made up of a single layer. 

a. Pavement Epithelium. — This is the most extensive variety of the 
ifanpla It is composed of flattened cells joined at iheir edges, or, 
nttier, lying edge to edge like the flags of a causeway. Between each 
edl is a so-called cement substance, invisible, but which can be stained 
black with weak solutions of silver nitrate, and thus brought into view. 
Each cell contains a nucleus, and this, again, contains nucleoli. In 
order to demonstrate this, scrape the inside of the mouth with the nail or 
a blunt knife : place the scrapings on a slip, with a covering glass ; then irri- 
gate with a weak solution of magenta. To demonstrate the cement sub- 
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We now draw attention to our other mode of clissifying epitlielia, vii. : 
ncconling to function. We may tabulate them tlms : — 

1. — Protective. 

a. Stratified. 
h. Transitional, 
c Cilitited. 
d. Pavement. 

2. — Secretory. 

a. Columnar. 

b Spheroidal (Glandular) 

We thus Ree that the pliysiology of epithelium may be regarded 
under two aspects : — its protective and its secretory. Tlie firet, or pro- 
tective, is mechanical and sensory, thus : the stratified and the transi- 
tional protect from friction like a coat of mail, whilst the former protects 
by virtue of its sensory or tactile properties. Then again the cilia may 
be reganled as acting mechanically and carrying away noxious particles 
such as we find entering the air passages. The second function is secre- 
tory, which we have as yet to call vital through ignorance of the factors 
which produce the phenomenon. 



Mods of Prrparation. 

A frog was taken and its small intestine?, in pieces, placed in a 5 per 
cent, solution of ammonium chromate. The heacl also, with the nostrils 
slit up, was placed in the same. After forty-eight hours the intestines 
and head were washed in abundance of water, then placed in picro- 
carmine for a few hour^. The contents of the intestines were scraped 
oat ; the nasal septum was scraped, as also the roof of the mouth, and 
the scrapings mounted in Farrants' medium. We are thus enabled to 
show on one slide sqiiamoiia epithelium (from the tongue), columnar 
epithelium (from the intestines), and ciliated epithelium (from the fauces). 



BIBUOGRAPHY. 



W. Ei$, Die Hanten a. Hohlen d. Korspers, 1865. 

F. E SehultUf Epithel and Driisen-zellen, Arch, f mikr. Anat iiL, 1867 ; U« 
cutic Bilduugen u. Verhomung, etc Iilem V., 1867. 

Ranvier, Article " Epitheliam " in NoTeau Dictionnaire de M^icine, 1870. 
IF. KrauM, in Allgemeine Anatotnie, 1875. 

Griflni, Contribnzione alia patol. gen del tessuto epith. cilindr, 1875. 
Klein, Obserrations on the structure of cells and nuclei, Q. J. Micr. Sci., 1878, 1879. 
FUmming, BeitrSge zur Kenntniai der Zelle, etc. Arch. f. Mikr. Anat xvi., xviti, 
1878, 188a 



CARTILAGE. 
Etymology.— Fiom iliu Latin, Catiilo'jo. 

IJbbcrjption, 

Curtilage is familiarly spoken of us yrinlle, ttnil funDK a luuat impor- ■ 
tant part of the animal frame. Iti luaii und the higher atiiuiak, its um 
lj« in its pliyaical properly, clasliciiy ; whilst it jieUls to prewure in- 
stantly, it also inslaiiily ittunta to its own proper foiiu the uioment 
pTCMsiire is removed. Its situaliona in the body alone denote ita olfice ; 
lliDa wo tind it as ii frumeivork ur foundation of lubos wliich ure called 
upon U> beud and twist. At the same time, their puBtuigiJK must be held 
open, Biicli Bs the windpipe, larynx, Eustachian tube, and extuinal ear. 
ARain. wc tind it in the iiosc and eyelids; wliitst the che«l ur thorax 
Owe« much of its elasticity to the cartilages whiuh join the freu euds of 
tfae ribs to the breoet-bone. It^ bulfer or brealc-ehock qiialitieii are the 
taort strikingly shown by the Lard parts of the body, the hones being 
"■hod" with cartilage. Hones uru by uo means luird, rigid bodien 
rsally, but if the long bones, for inatance, had not a sofu-r material 
tiwn theruselves to come between at the joints, the act of walking would 
be impossible from the jar the movement of walking woulil produce. To 
meet this disunity, we find the long bones expanded at their enda, and 
tbeae ends are shod wilh earliiage. In situations where jarring is specially 
to be avoided, we find the approximaLisg aurfacea of iho joini, themselves 
•bod with cartilage, having a further nipply in an interposed caitila- 
jpnooa pad, as seen in the knee joint, also in the joint of the lower jaw, 
wboe tnasticiUsting nmoantiug Ui cruncliitig would jar the brain. 

. "We speak of cartilage us Ujupaiari/ or jxrmumesl : by this we mean 
ttMl the skeleton of the early embym, which is nearly all caitilage, but 
Wliich mostly becomeH bone m growtli proceMla, is temporary cartilage ; 
illlilst that we have described remains as a permanent alnictnre. 

Cartilage conusts of two parts : 

1. Ceils. 

2. Matrix or iui^rcellnlar material, 

According to like nature of tJw nutnx, cattily ia \-hmxt w^ 
1. Ilyoline cottiJageL 
i. E^ic euvUge. 

3. Fibro<srti%ie. 
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1. Hynlino cartilage ia so called becBtise of its mutrix having a 
ground-glass like appearance (from L. hijaUnti*, glass). We find it at 
the free enil of the riba : tlie windpipe is composed of it, and the joint 
ends of bones have their opposing surfnces slind with it 

2. EInslic cartilage in the adult is hyaline cartilage permeated by 
elastic fibrils. The fibrils iire anunged bo as to form the trabeculae* of 
ft reticulart framework ; they branch and anastomose very frequently. 
The meshes contain fusiform groups of large nucleated cell*, surroundett 
by a larger or smaller amount of hynline captila^ja mihstance. (Harris and 
Power). 

3. Fibro-cnnilage, or while fibrcwjartilnge, is found iit sessamoid 
bones, and the approximating parts of the lioties of the spinal column, 
intervertebral substance. Its matrix \% fihruiin, as its name indicates, and 
is composed of hw^lvx of fibres wliich souielimes form lamellae, with, 
or without, a concentric arrangement. 

Whatever the nature of the matrix, it is permeited by round, or oval, 
or flattened, ipwi, called lacunae. These lueumie are formed by a dis- 
tinct wall, or capsule, cohering intimately with the surrounding matrix, 
the two being indiatingniahable, except we discover the capsule, which 
absorbs certain stains. The apacee each contain a cell (cartilage cell), or 
protoplasmic body, generally containing a aiugte uvtoleus. The cell may 
entirely fill the apace, or it may shrink away from the capsule. Tlieee 
cells multiply by fission, so that we oflen see a space with two cells in it 
that hare arisen from fission of the one cell which the space previously 
contained. There are three explanations oflercd regarding the origin of 
the capsule as it appears during fi^^iou : Kitlliker taught that it was an 
excretion by the call it aftorwar^ls enclosed : Mux Schutt^e regarded it as 
the converted superficial layer of cell protoplasm ; many, however, regatd 
it as a deposit around the cell, with whoso origin the cell has had nothing 
to do. The arrangement of these lacunae, and their containeil cells, is to 
be noticed also ihoir relative sizes. Towiirds the free surface of a 
hyaline cartilage the cells and epncej are UHually very much smaller than 
at the parts near the bone which they " cap." Again they may be more 
flattened, or elongated, and if so, Llie long axis of llie elongation is to be 
noticed; in the cartilage of the riba, this axis approaches, in direction, 
the surface, and may get quite pandlet with it. 

Cartilage is frequently spoken of as a non-vascular substance but this 
assertion must be ■;{nalified, All cartilages except those of the joints ar« 
covered by perichondrium or fihro- vascular membrane. That the con- 
stiluents of cartilage (cells in n matrix) must come in contact with the 
blood plasma there is no doubt, therefore whatever the constitution of 
tlie^e cliaiinols or spaces may be which this plasma (fluidj tntvela along 
they have the carrying or transmitting functions of vessels. The 
nlliiuate particles of nnij tissue in exactly the »;mie sense are n 

'Trabi, ■ Iiwtii. fRtIt, a net. 



and are bathed hy the plasma which has been poared forth from the 
ruvreinl vessel so that it is rather a question of di4imc thaa of vascu- 
larity or n on- vascularity. The great distance of the cartilajjo substance 
Erom its plasma supply renders its repair when injured exceedingly tardy. 
A wound or gap in cartilage is first of all filled by connective tiasue,. I 
which may or may not gradually tranaforra into hyaline cartilage. I 
When cartilage is wounded its margins are much more likely to heal \ 
than the deeper parts, in other words, the perichondrium is the main , 
source of the bealtng factors. 

Mbthods op Pbbpabation. 

Cartilage must be prepared in several ways, if we wish to aee e 
thing, as no one preparation can show all that ia to be seen. 

Firat, we ought to prepare a specimen of each kind of the tissue, by 
placing piec»<, for 48 hours, in a saturated solution of picric acid. 

1. Hyaline cartilage may be taken from the trachea, the cartilage of 
the rib (costal cartilage). >\t a slice may be taken from the cartilage cap- 
ping the end of a long bone. 

2. Yellow-fibre cartilage may be obtained from the epiglottis of an os. 
Place bite in a saturated solution of picric acid for 48 hours, then wash 
away all the acid, and either cut, stain, and mount at the time, or if not 
convenient, place it in spirit till required, 

3. 'White-fibro cartilage is best obtained, by cutting away an inter- 
vertebral disc, with ita adherent bone ; placing this in chromic and nitric 
fluid, until a needle can be ihmat easily through the bone ; then wash 
away all the acid; and place in spirit till requirol. 

Hyaline cartilage, stained with logwood, shews the raatnK and cells. 
Take a section and irrigate it with water, which causes the cell to shrink 
away from its capsule, and to become coarsely granular. Stain sections 
of costal cartilage, taken from a young kitten, in osmic acid, 1% for 12 
houtf'. This stains the corpuscles a deeper yellow than the matrix. 
Osmic Hcid, Inline solution, silver nitrate solutions, carmine, and eosin 
nre all required in the stiidy of cartilage. The cartilage must also bo of 
fCBtel age, adult uge, and the cartilage of an aged human being, if possible, 
ought to be procured, and first, decalcified. 
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AREOLAR TISS 



FIBROUS CONNECTIVE TISSUE. 



Areolar Tissue x 400 Diam. 



Etymology. — Areola (<liin. of area, a void .s])ace). Arnolar tis-u<' 
18 the filmy ti?{.sue which larj,'«'ly perva'los aii<l connects the (lin'-n'iit 
parts of the organs of thn Ixxly, lirMK.-o its uanin roiiuf'ch'cf fiifsn^: The 
older writers called it cellular tissue i;'norin'r its essentially fihifus 
character. It is often spoken of as tlie filamentous tissiie. 



Introduction'. 

Much confusion exists in s])oakini,' and writing' of areolar tis-u«; on 
account of the very numerous terms — manv more than we hav«? iihmi- 
tioned — under whi«:h it is known. It is a compound of two fil)n»u> 
tissues (white fihrous and yellow ela^tif) ondo-in;^ <;ells and spaci-s 
(areolae). 

Klein, m his hrilliant little manual,' doos much to clear the confu.siiMi 
by dividing; connective tissues into "three great groups" : — 

1. Fibrous conufctivc tissm*. 

2. Cartil.igp. 

3. Jione. 

These lie points out have in common a tjnunnl si/hMfa/fff or mafrlj' 
together witli, but distinguisliable from, rj^lh. 

In fibrous connective tissue, the mafr/j' yields gelatin : in cartilai:** it 
yields chondrin : and in hone it is j)«'tritied witli, an«l th<*refore yields ; 
inorganic .salts. In fibrous connective tissue the cells are calhvl nm- 
ueetiV** tittKne /vV/.-* or rttnuct'tirf tUfinr rui'iniMi'h'a : in (cartilage the {'cll-i 
are called raiiitafjn ffflft .- in bone they are calleil h'/i/c rt-lls. 



'Elements of }IistoIof;y. Cas<}cll k Cd. 



STtTDIES IN HICROaCOPlCAL SCrENCE. 



White fibrous tissue, its forms and ilisposal, plu« its occom pa Dying 
ceJls or corpUBcles, form the greater part of the fibrous connective 
tissues including tireolar tissue. White fibrous tissue forms rope like 
bodies (tendons) which connect muscles with bonea. As faedan (from 
the Latin fascia, a bandage) or sheet like expansions, it forms sheaths 
for the muscles. It forms also a felt work, by its bundles repeatedly 
crossing and dividing. This felt work msy bo close and compact, as in 
the duni mater tind sheaths of tendons, or it may be so loose as to allow 
arena or void spaces (areola) aa seen under any part of the skin. Lastly, 
it may form a fenestrated mcmbntne, by its bundles interlacing in the 
tamt plane. We thus see that its forma and disiiosal may be regarded 
aa four, namely : 1, Roi>e-lika bodies (tendons) ; 2, Sheet-like 
bodies (fasciae) ; 3, Open, or close felt-work ; i, Fenestrae. 

White fibrous tissue iu our drawing and aci:orapanyinK slide is seen 
to be composed of bundles of fine fibres miming strictly parallel with 
each other but taking a wavy course. However the bundles themselves 
run, whether parallel to each other, as in tendons and fasciae, or dividing and 
re-uniting and crossing each other as in the felt work, or fenestrated 
forms, the individual fibres composing the bundles nlwayg niaintain their 
general parallelism to one another. Other pecoliaritiea of these filaments 
nre that thoy never divide into branches, orunite with one another. When 
seen by reflected light they appear white or nearly so ; they, however, 
readily transmit light and appear transparent. They are to all appearance 
homogeneous, and the same thickness throughout their course, and vary 
in diameter from the 60,000 to the 25,000 of an inch. The bundles 
formed by the filaments vary much in thickness, some being made up of 
very few filaments, never, however, less then three or four, whilst in 
others many scores may be seen. The filaments are held together by a 
semi-fluid albuminous eemint which is also present between the bundles 
forming a tmhecula. To demonstrate this, tear olf a narrow strip of 
ten do- Achilles from any quadruped : place it in a saturated solution of 
picric acid for forty-eight hours : wash away all coloring matter by 
repeatedly changing the water : tear off a small shred and tense it well 
out in three-quarter per cent, salt solution, then cover and examine. 

The fibrous connective tiamte celln or corpttscies, vary much in shape, 
which largely depends on their surroundings. In tendons and fasciu 
they are flattened squares, or oblongs, placed end to end, situated on the 
surface of groups of fibre bundles. Between the ends of the cells is 
found the aHuminovB ('■ment. In mucous membranes, true skin, serous 
membranes, cornea, and subcutoneous tissue, the cells are flattened and 
branched, branches of one cell joining with those of another, thus forming 
intercellular communication. 

Yelloa elailie Ustue is usually associated with the wliite fibrous tisBDS 
in moat places. When seen in bulk as in the ligamentum nucha of large 
quadrujieds, such us the horse, ox, &c., it is seen to be yellow in colour, 
but when single fibres are seen by transmitted light, as in the »^lide 
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accompanying this number, they af^pear tianspaient with a veil-defined 
outline. We can always readily distinguish them from the vhite fibtoos 
tissue, which we have seen runs in wary parallel hundlei of filamenti ; the 
fibres of yellow elastic tissue run in bold cunres, and the emds of the 
fibres curL Again, we saw that the white filamenu nerer bcanched, the 
yellow fibres branch, and not only so, bat the branehes joui and fonn a 
reticulum. When cut across, the y^ow fibres are seen to be am^ar. 
When much white fibre is present, and rerj little yellow elanie, the 
latter is discovered by irrigating the specimen wiUi a one per eeni. solu- 
tion of acetic acid in water. This canses the white fibroiu tixue to 
swell up and become indistinct and leaves the jeQow fibres alone and 
untouched ; it also, by the way, bnn^ the cells into view. 



By our forgoing remarks it will be seen that the pradiee of d««<:rfliin;: 
areolar tissue as a special variety of a SbrooM oocmecdTe tiapa^ if mh- 
leading. It is really a typical eocnective fibrocj tisRK, i&^Ie ::^ of 
larger or smaUer bundles of white fibrous tisme oc^viilj cJxed with 
yellow elastic fibres, the two Uending wi:h oc« ^lyAh^r *jrj fc^nn a felt 
work, usually of loose texture. The yellow fibres rzn in tLe yrc/vjikd 
mhstaiice, between the white bundles, and app-sar rerr ofyai, a>? ii. V3f 
specimen, to run on the surface. The areoI«> or fi.>-r*pfcvfe* 4r*: r/^/O, 
and freely communicate, being fonned by the hqp^it^yxL of tL* j^ivryyl 
substance and development of fibres, a£<d are c^x^yj!^ hj tL*; trALZj^ff.irt 
tissue cells or corpuscles. 

Except in the eyeli«is and one other part, the ar^,-lar ti»iF>e. wr^kh I'u^ 
beneath the skin in all parts of th<e hrAj, ani is izjf^^^y: *a^JA ^ub- 
cataneous tissue, contains fa: 'kH*. Each '5%1I i» i'^rzrsfA cf a ':k,'j^'S^H 'A 
protoplasm, having at one pan of vjk pprHpL^rr \ zujz^, or I*** *^ttVr.%^ 
nucleus, and endoees a ^bule of oiL T\^a^. hix vtrll* *r% i'^r^ijrfi '/y 
the conversion of the original ei:cJi«ciTe \i^j'. 'Xfp^»^>- ^i>:'.: k.*Tj 
and animals "grow fat,^ it i« :Li« o:tTer«i-,i. of ti^ r..vr;*jw.-*f>^u '/n*- 
nective tissue corpuscles into fai «Cl5 wLi^h ;nT*5» :Le Vyir iu rA'^zAiK^. 
In starving animab the oil ^^ iltj^.t'.^A^ xzA tLe £ai t^ll 'i.u,\:,Wt>!> , 
and contain? only a serou* trrA, whyth. zif^A di%a;,^^5fcn< ** *^*n iti'/fi 
proceeds. It is iha? ««en that tLe ar^.ltj :!**-;:*: 'atwa*.:^ \Ia *)c.:, .*. \u^ 
great store house ^.f the bc^ij. TL* ft: if **y,T*A \'^ ',:, :*. ::. ';'/A \,::,i^*, 
to be called upon by the V>jr's r*«?d* ii. tin/*: 'A w^it. 

Areolar tissue next af>T tia* \j»i i* \zjt ii/Vftr. •.jL.riirrMtJ-r 'i^j^.rlv.V/J 
of the tissues. As we Lav^ bai:. i: lir** >?i.»:aii t>*^ tic.,'- *ry<rr;n»/*'-f*:, 
also beneath the if-.rvzi ar»^i n-»r,r:Lt Hien^rsi/b*, ^'.*Jk/,'.„:^7 \i^::. */, \\^, 
parts which they tr.T*:! ct ii.T*rfiL I: ^^rr^d** a^^-f *,iy> ;,'-v*art« ti^. 
different orgaz^, such as ^^:iiitie*. Lr*rrrei, oivyi-r^sb*^!*. >.>«5», *;yi >/V;>5» 
of compound gland*, tbe LiCw Ti.<^!rL. r-^ti. «:» ti.*: v/w*ri», *>•,, Jt ,* /^/t 
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only universally distributed, but is continuous with itself throughout. It 
is through the areolae of this tissue that our medicines, injected beneath the 
skin anywhere, get into the blood instantly and over the whole system ; 
it is in this that dropsy lodges, and freely shifts its quarters from ankles to 
eyelids and face, or any other part, often depending upon position only. 
In the days before the legal protection of animals from cruelty, the 
butcher whitened his veal by bleeding the calf almost to faintness a day 
or two before killing it, and after piercing the skin, inserted his tobacco 
pipe stem, and inflated the entire skin by blowing into the areolar tissue. 
Should a quadruped have an abscess form and discharge, or receive a cut 
through the skin over the breast between the fore legs, the action of the 
large pectoral muscles suffices to suck in air, and the entire skin is puffed 
up by the air being drawn into the areolae of the subcutaneous tissuo. 

It is thus seen that the areolar tissue is our store-house of fat : it re- 
ceives watery dejjosits from the blood-vessels : it acts as a convenient 
receptacle for medicaments, whether injected beneath the skin with 
a syringe, or rubbed into the skin by inunction : it enables the skin to 
move freely over the subjacent parts, and retra(*ts the skin when the latter 
is drawn away, and makes the cut skin f^ape by drawing its cut edges 
apart, for which we do not thank it. Its other kindly (and unkindly) 
offices, are really " too numerous to mention." 



Mode op Preparation. 

For studying areolar tissue, snip out a .minute piece of the sub- 
cutaneous tissue from a newly-killed quadruped : place it quickly on a 
dry slip, and spread it out with needles, breathing upon it from time to 
time to prevent it drying, then place on it normal salt solution, cover, and 
examine. 

For a permanent specimen, inject the axilla of a newly-killed kitten 
or young rat, with a V/^, solution of osmic acid. AVlien a bulla has 
formed, snip out the areolar tissue, avoiding hairs, place it on a slip as be- 
fore, and put on it a large drop of picro carmine, frequently renewed 
through 24 hours ; then replace this with glycerine jelly and cover. Log- 
wood may be used in place of picro carmine ; also glycerine may be 
passed under the cover glass, instead of using the glycerine jelly. 



BIBLIOGRAPHY. 

Kleins Elements of Histology, Cassell and Co. 

Harris and Poicer*s Manual for the Physiological Laboratory, Ballierc and Co. 

Qiuiin*s AncUamyf vol. ii., 9th Edition, Longmans. 

Sterling*8 Practical Histology, Sniit)i, Elder, and Co. 



I 



FIBROUS CONNECTIVE TISSUE. 

fOonfimied.) 
Tendon T.S. x diam. 



F Etymology. — {rivmv, a tendon, from Ttivio, I stretch). A fibrous 
i at the extremity of a muscle by wliioha rauacle is connected with n 
Tendona are white and gliateiiing, and vnry in leni;th and tliick- 
: they are sometinies round, sumetimes flattened : they are of non- 
Htble strength, with very little elasticity. 

Description. 

[ Tendone consist almost entirely of white fibrous tissue, tlie fibrils of 

^teb have an undutnting course parallel with each other, and are (irmly 

llitod together. The bundles of fibres Jo not keep separate throughout 

'r length, but send slips to neighbouring buniUcs, and receive slips 

n neighbouring bundles in return ; hence, aucccHsive transverse sec- 

t of the same tendon reveal diHerent figures of tlie sectional areas of 

» bandies. On referring to the present slide, it will be observed that 

• bandies are not only invested by dense areolar tissue, but trabeculaa 

1 Knt from this into the interior, forming Eeptae of greater or less 

feknes*, thus uniting all the bundles of fibres into one Inrge collec- 

I of fibres. Besides binding the bundles together, these eeptae of 

r tissue servo as an imbedding and protecting afjent for the 

1 nerves, which, however, are very sparingly supplied, and 

f vmall siie, running for the most part in the larger trabeculae and 

"og communicating branches across them, and then forming an open 

[irk with large oblong meshes. If tendons seem to lack blood 

•Is, they at all events are richly supplied with lymphatic vessels 

ich penetrate both the large and small trabeculae of the areolar tissue. 

e preeenl slide exhibits these in numerous pl.ices transmitting light 

mirror as if tliey were so many pin boles. Their areolar 

of is shuwn by their irregular outline, also by the fibres 

^rosE each at a lower level. The tendon cells are seen iu 

irregularly stelltile. They are stained, and give oacli bundle 

I fibres a dotted appearance, as seen with a low power such as an inch. 

" « tendon cell consists of a protoplasmic body, thick at the centre, and 

ihinning ott into extensions, hence its stellate form. When seen in a 

I longitudinal suction of a tendon they a;>p«ir quadrangular or oblong. As 

f the body of ihe cell lies between tlie angular ppaco between three or more 

[ . bundles of fibres ita lamellar processes extend into the interstices between 

I these contiguous bundles. It will thus readily be seen that the oblong 

' form of the cells as viewed from the side is quite consistent with their 
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ADIPOSE TISSUE. 



Etymology. — The word adipose is from llie iatiii a'ieju; ai!ipi», fat. 



FATS. 

Thi'Be substances, like the sugars, are derived from both animal and j 
I vegetable sources. There uce ihree principal varieties of them, which I 
BBiBj be conHitlcTed ne representing tlic class, viz. : 



Olei 



C^ K„ 



Oi 



t™ H„ 0„ 



"Dte principal difference between the oleaginous and eacchitriiie sub- 

I, BO far UB reynnis their ultimate composition, is that in the sujfars 

^gen and hydrogen aln-itys exist together in the proportion to form 

; while in the fals the proportion of carbon and hydrogen are nearly 

e, but that of oxygen is considerably Icitt. The fats are nil Huid 

h temperature, but uBsume thp solid foinj on ronlin;;. TJieir melt- 

> vary very much, anil arc : — 

Stenrine, US' Fuhr. 

Margarine, ll!^* „ 

Oleiiie, 100^ „ nnJ less. 



ity 



hte are all insoluble in water, but readily solubl 

d boiling in water with a caustic alkali, tjiey c 

a result of the decomposition there are formed two new bodies ; 

rijie, which ia a colourlew, neutral fluid : and, secondly, a 

1 either oleic, inargnric, or etearic, as the case may be. The gly- 

1 a free etale, whilst tlie acid uiiittfg with the alkali to 



is best obtained from beef or mutton suet. It is the hardest 
rihe fata, and crystallises in white shining plates. 



Margarine (fuipyapls, a pearl), i 
all oils, hardening rapidly nnd asH 
like mother-of-pearl. 



lother-of-pearl tat, is a ronstiliient ot 1 
"S a cryslalline form which glitters I 



Okine mny be obtained best from olive oil. Stsnrinc, inar;;arine, aniT 
oleine never occiit sepnnitel.v : iji every fatty substance they nre min^ie't 
together, no that tbe more flniil if tlieni hoM in solution the mora solid. 
Ilenerally fpeaking, in tbe living body these mixtures are nearly fluid. 
After death, as the body cools, the stearine and margarino sometimes 
separate from the mislnre in n crystalline form, einco thu oleine (lunno 
longer hold in solution tto large b quantity of tlicm as it was capable of 
doing during a life temperature. 

In a flniil state fatty aubatances present themselves under the form of 
liivpa or globules, which vary gi'eatly in sixe but always a^uuii? thu liame 
optical properties. They are circular in shape and liave a faint umber 
colour, distinct in the larger globnles, less so in the smaller. They liave 
a sharp, well defined ontline, and refract light stron^ily, and act like 
double convex lenses, and therefore appear with bright eeiitressurriiundiid 
by darker borders. 



e folloi 



; per ceLitage of oily matter 



Quantity of fat i 

Filberts 60-00 

Walnuts 50-00 

Cocoa-nuts 4700 

Ohves 32-00 

Linseed 22 00 

Indian Com 900 

Yolk of Eggs ... 28-00 



I 100 parts. 

Ordinary meat... H-30 

Liver of ox 3-89 

Cow's milk 3-13 

Htiman milk 3-55 

Ass'a milk 0-11 

(joat's milk 




Fats tir oils can easily be extracted from organised tissues hy the ■'^1]>laJ^ 
ment of simple mechaiiiccd means, because the three prineijuil varieties 
of oleaginous matter, though always united with encli other, 
are not nniteil with the other jrrnxhnate ^rincipl^i. Thus, 
suppoAe we wish to extract the gii'jnre of the blood, wc should 
And them in solution in water in company with albumen, phusphatH of 
lime, chloride of sodium, and the like in mol'vitlar iini'tn. i hi theuther 
hand, we may remove the yolk of an egg en miute, churn the fat from 
the milks, cut animal or vegetable tissue into small ]fiece«, and eiibject it 
to heat and pressure, and tiie oil is foixjed out and separated. The oil» 
are found in the animal body tiiott aliHudantly in ttie ndi])use tieaue 
though they exi«t in smnllor amount in the mannnnry gland us utilk, in 
vhylo, in the liver cells, etc. A \ama part of the fat, in what- 
ever form, may bn accimnted for by that taken wilh the foo<l, 
animal or vegetable, but it wuuld seem, from the exprrimonto 
uf MM. I'nniHs snd Milne-Edwards on bees,' M. Penox on gre^n,* uwl 
Xf. Bon Ml inn" II It on ge-se, ducks, iiud liixf," that tat is fnmurl in Ui» 



' AnntilBii ila Chim. at Je phya., 

*Ihii1., p. *08. 

*Chini. Agrlcole. P»rii, 1851. 



1 Scijvu, 1 



., i>. too. 



body iinlepeiiileiitly of whut is intriwhiccil wilh the food. The observtre 
fint ascertained the qiinntity at fat eitistii);r in the wliole Vily ut tlin 
commencement uf the axpoHment. The niiimols were then sitbjei:ti'd to 
a definite nutritious regimen, iu which the quantity of falty mutter w.ib 
duly nscertained }iy aiuilysla. The experiments lasted variously fiiim 
thirty-one days to eight miniths, then the animals wdre killed and 
examined. Tlie resnlta showed thut considerably more fat had aooumu- 
kted in the tissues than could be acconntwl for by the fat of the food 
taken, which pincinl beyond doubt that the s^teni can form fat by the 
metnmoqibodis of other proximate jTrinciple^ 

Altbouj^h the food tiikeu as ftit, may produce most fat, other sub- 
Btanees protluce fat in nbundiince. In sugar-growing countries, such as 
Louisiana and the West Lidics, during the few weeks ocuiipied in 
};atherin^ thu cane and extracting the sugar, all the negroes empluysd on 
the plantation, and even the liorses and cuttle, that are allowed to feed 
freely on the a.icchariuo juices, grow fat, and lose their superdbuu dance 
of fat when the eea»ou ia past. 



ADIPOSE TISSUE. 

As we liiive siiid, by far the greater part of the fat of the body, is en- 
closed in small cells or vesicles, wlilch, together with their conUiined 
matter, constitute adipose tissue. 

When seen under the microscope, the tissue is found to consist of 
small vesicles tilled with oily matter and mostly lodged in the meshes of 
areolar tissue. " The vesicles are most commonly collected into lilile 
lobular clusters, and these again into the little lumps of fat whicli we see 
with the naked eye, and which in some parts are aggregated into round 
or irregular masses of considerable magnitude, hiomelimes the vei'iclei', 
though grouped together, have loss of a clustered arrangement ; us when 
llwy collect alongside of the minute blood-vessels of thin niembninoua 
part«. In well nourished bodies the vesicles or fat cells are round or 
oval nnlesa they are packed closely together, in which case lliey :i<:i|iiire 
nn angular iigure, and bear ii striking resemblance to the cells of vegei^iUo 
tissues. The greater numlwr of them are fr»ni the thi to the nii of an 
inch in diamater, but may excee<l or fall short of this moiisureiuent. 
Each one couaials of a very delicate envelope enclosing the oily 
matter, which, compk-tely (illiug the envelope, appears us a 
single drop. It often happens that a part of tlie fatty 

contents solidities iu the cell after denlh, forming a bunch 
of delicate needle-shaped crystals. The envelope ia the retuuiiis 
of the originul protoplasm of the cell : it is generally ipiile liiins- 
parent, and apparently homogeneous. According to some uuihoriliea it 
conaislt< of two parts: a delicate structureless extenml mi^nihrune, imd a 
Inyerof finely granular protoplasm immediately Hurrounding the fai. The 
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nucleus is always present in the protoplasm, but is often so flattened out 
by the pi'essure of the enclosed oil-drop as to be visible only with diffi- 
culty. The areolar tissue connects and surrounds the larger lumps of fat, 
but forms no special envelope to the smaller clusters ; aud although fine 
fasciculi and filaments of that tissue pass irregularly over and through the 
clusters, yet it is probable that the vesicles are held together in these 
groups mainly by the fine network of capillary vessels distributed to 
I hem. In the marrow the connective tissue fibrils are but few 
in number or may, it is said, be absent altogether. The adipose tissue 
is copiously supplied with blood-vesdels. The larger branches of these 
pass into the fat lumps, where they run between the lobules and sub- 
divide till at length a little artery and vein are sent to each lobule, 
dividing into a network of capillaries, which passes between the vesicles 
in all directions, supporting and connecting them. The lymphatics of 
the fat are in close relation to the blood-vessels, accompanying and oc- 
casionally completely enclosing them as they enter the lobule. No 
nerves have been seen to tenninaie in this tissue, although nerves, 
destined to other tissues, pass through \V* (Quain.) 



Method of Preparation. 

Our section with this number is from the subcutaneous tissue of the 
palm of the hand. It is cut by the imbedding process, and stained with 
strong logwood solution and mounted in glycerine jelly. 



Bibliography. 

All works on anatomy may be consulted, as all treat on adipose tissue 
with greater or less lucidity. In the 9th edition of Quain vol. ii. p. 73, 
74, 75, will be found a goo<i description, from which we have made a 
large extract. Works on Physiology also have a good deal to say about 
the fats, etc., so have works on Chemistry. 




Etymology. — Several t«rms used in discossing bone fonnalion 
require lo be explaJne-l or known in mlvance. The following words 
occur : the prefix osU from the Greek oirrtDV (a bone). Osteoblast from 
the Greek ^^aoTot (a bud, a ehoot, a sucker). O^teogenetic from the 
Greek ytwam (to produce, to bring fortli). The preUx os from the Latin 
oa (a bone). Tile prefix c&Ic from the Latin calx (lime). Diapbysis and 
E|iiphy£is ore the sane word with different prefixes. They are from 
the Greek ^iw to spring forth or come into being hence fiut^inu to 
ioterreDe : tri^vw to ;;row npon, to cling closetj to. 



ISTRODUCnON. 

In order lo understatul the development of bone, we first propose to 
explain what bone is when fully formed, as we find it in the full-grown 
healthy animal ; then we have to begin quite at the other enil and trace 
tbe proueos from the primitive structures as we find them, not only in 
the fcBtus but in the young or very early fcetus ; thu^, we count an 
animal's age from it« birth, but before birth we couut its nge hs a fcctus. 
We iiguin have lo allow for differences in ftetal development ; thus a 
ftetQs which is mature and ready to be bom, so to speak, at six weeks 
old is mature and formed at that time and almost so at fuur weeks, 
whereas a foetus ihat is only fit for a separate existence ul twelve months 
is very imperfectly formed at four weeks. Therefore when we speok of 
an early foetus or young foetus, we must be understood to mean an early 
or youn^ fcetua of the animal which bears it, nud then consider how long 
that animal carries its young before birth. 

When bone is fully formed it consists of an organic framework im- 
pregnated with lime and other earths, which make it rigid. 



Lehman gives the following proportions ; 

Organic matter .. 
Earthy matter 
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T)ie earthy matter i; almost all lime and is made up of 57 partn of the 
phosphate and H pnrls of the carbonate of lime : the only two remaining 
earthy pnrls are one part each of fluoride of calcium and phosphate of 
mttgneain. Practically, then, we find bone to bo made of an oi'ganie 
base, impregnated with lime, which haa been named "bone earth." 



Ilie ossifying part, and proceeds //-d 
liones, from the centre to the 
irregular parts or epiphyses of a 1( 
Hence in our present section we 
it is seen in tlie piece of the 
manner, the looijs lying lengtliw 
end of the sljaft ; second, it is » 
liea<] of the bone. In both case 
will in places have dropped out 
aateoblasta are stained 



SB, as we have said, in the centre of 
I the contra, in the case of the long 
1 in the irregulnr bones, or the 
ig bone, from the centre to the periphery. 
ee ossification at work in two part^, first 
nd of the shaft procee<Iing in a looped 
le in the long axis of the piece of tho 
leen in the centre of the half sphere or 
8 the fragile open network of new bone 
in process of cutting and mounting. The 
amongst these cells may he found here 
and there giant cells or osteoclasta. The trabecule are stained bine, and 
are calcified cartilage matrix in proccsa of becoming covered with se- 
condary osseous subslance deposited by the osteoblasts. Being taken 
from an atiimnl that uses its Itmba early, the process of i-ssificulion in the 
shaft and head of the bono is going on synchronously, "The young 
lumb or foal can stand on its four legs as soon as it is bom ; it lifts its 
body well above the ground, and quickly begins to run and bound. Tha 
shock to the limbs themselves is broken and diminished at this tender 
age by the division of the supporting long bone=, by the interposition of 
tha cushions of cartilage between the diaphyses and the epiphyses." 
(Owe,,). 

2. Onsifiralion nf Membrane. — For obKcrving thia a Tory young fnttiB 
must be procured. Quain's Anatomy givea a figure (p. 103, fig, 100, 
vol, ii., VA. is.) of Sharpej'a. It is the parietal bone of a foetal sheup, the 
latter being only two and a half inches in length. The bone is about half 
an inch square. Should the reader desire to study o^sitlcation in 
membrane, a very young foetus of a rabbit, cat, dog, or guinea pig, may be 
procured, stained first in carmine, then in sulph-indigotate of soda, and 
then cleared and mounted in baisam. He will then find a brief but clear 
description as above. It is obvious that a description hero would be of 
little use without a slide or a drawing. 



Mode of Pub fa rati on. 
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A new bom puppy, kitten, guinea-pig, or rabbit is to bo procured and 
its thigh or arm bonts, or both, placed in a saturated walery solution ot 
picric acid till a needle can be run through the bone easily and niMt no 
grit. Then the acid is washed out with water and the 1>ones placed in 
methylated spirit for a few days. Sections are then cut with a razor, th« 
bone lieing imbedded in carrot. The sections are first stained in cnrmint, 
then in imlph-indigotate of soda (the process having Wen described in 
the Studies once or twice before, we need not trouble the reader with a 
repetition), and afterwards mounted in benzole balsam. 

BIDLIOGRAPHY, 
Auatom; may be i^lioneu, but tlic iccodiI toIuuib of llie ninth edition 
(Lnugmani & &>.} is tha b«ft. 
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Etymology.— .4 jrA-ii i:: I -f- • 

^ from. AViir>>^»ci, fr:n :-■= '^r-r! 
^ne^ or gioifj^ anviLir j ?:: :iLj. Z 
iMiiniriii from f*nt- jlt:-.::: :. i'-. 
latin iniiu, A't«.ri7-: ■- j ir'.i^ '--■. 
peelod offi All the Ir.tie: jtc ::.i_ :. 



^ • • ^ ^ — 



M- - ( ^ 



Before descrioir. ^ ar.j -:ir: c: :lr =.-.— :- - -i-i:ii- . 
briefly describe ihe n-riT-.-i tt-:^- i-* a. -r_:.-- 

The nervous svjteL:. f:r i-r?^-:::::.-^ :.;.•>'.-. iiiT "v 
posed of three r-ar:.-, nir-rlv : — 

TerrniLal.^ wLi .?. r^r^lT^ :ii-7r-- - -. 
Tran*ni:::er?, wl: :r. . •- '^7 : ■.-•- .-.- .•^•- - -. 
Inter prfe:*=:r?- wLi.r. •iLi.7--i ir. ! ..•:—-: :■.:.--■ 

It will now b«f: o:r.T-;L:-ir: :•: ^t!*:^ ::.r.-- ..". l.-. :---• 

The tro^'n ar.«l */;".i • ■; i:^ "/. ■: .-•. = : ,----7; 
besides the^e :]i*r*» A:*--~r:.:- ..v.r :.-. ---if ,i..i- 
may leave ou: of -mi::: ::. •.-: Ir-:;:::: r- 

The nervt^ are ::.* ::r.-r:7:r- .: 
rsoeirers to th-? briir. &- I -1:1.-.! 
neet the two ex::r=i:::r-- 

The term xniL' ti^t jr^i-lv ir. f ..t;. 
thing. The a^er.: :l-.1' :z'. ".7 ■^... 
impression 3 re«: e : 7 - : . i r. i 1: -. !< - 
ferenoe differs il. -ri r. ::--r:. 
their terminals : xe :--.Te :rf:v::.-. r.,- . . f • ;. 
and rendering -"'".•^e b^in- -■.!:i\ - f • >.•.; :=■ . 
transmitted bv :r.e ■.:::: :.^:-r : '^'. :..• 
modifying froir. i wi-^- '.•^f r^ ::. ■; i-r 
along the aa I::-.77 :.e: ■ ^-. \:.'. : -'-.*.-. 

optiod apjarv.:-, »:, 1 :.-. ".i.r Ir =-• :.-. 
in4ru7nenU of :r.r :errr.:r. -1- ! -'- ■ : . .-. .\- . >;. -,-. . 

If wo 'liioor.r.e-:* :?-- -.':- *■■ : ■ . =■ •-.-.. 
system prcj;*::. t- f.:. - :: • '.- . v. ■• - . .:* -. »- , 

1 >".^— - .. 






•- " - 



1 s .i r - . ' ■" Iv 1 ".". 



> 



Ti;e nerve cell* 1:% :..::'.. :e - : ..*. .-. . 
everv nerve t':.:^ .:!--.*:.>-. .; > 
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nerve cells are made up of a body which branchea. Sometimes these 
branches are very numerous, and each branch is continued as a nerve 
fibre, or has a nerve fibre running into it. We have said the fibres 
commence, or terminate, in nerve cells. This leads us to remark that 
nerve fibres convey impressions to and from the nerve centres. 

Those fibres which convoy impressions /rom the end organs, or terminals^ 
to the centres (brain and spinal cord) are called afferent or eeiUripeial : 
those which carry the brain or spinal cord explosions or stimuli to the 
end organs, or terminals, are termed efferent or centrifugdL, 

By the unaided eye we can see that the nervous substance is divided 
into two kinds, differing in colour. These are : — 

1. The white. 

2. The grey, or cineritious. 

The white part of the brain and spinal cord is very distinct from the 
grey, and is made up of nerve fibres. The grey or cineritious matter is 
formed largely of nerve cells. It exists on the surface of the brain and 
in the interior of the spinal cord. 

Nerve Fibres. 

We must be careful to remember the difference between nerves and 
nerve fibres. When we speak of a nerve, we refer to a number of nerve 
fibres, which run in company as a cord or nerve. It is usual to speak 
of two kinds of nerve fibres, the white and the grey ; but a white fibre 
is made up of a central axis of grey matter, which runs uninterruptedly 
from a cell process to its destination, and is surrounded, or coated over, 
with a thick white fatty coat called the medullary sheath^ and this, 
again, is enclosed in a thin membrane or sheath. In other words, a 
ichite nerve fibre is made up of three distinct parts : — 1, a central axis of 
grey matter ; 2, a thick white fatty sheath ; and 3, an envelope, or thin 
membrane, which encloaes the whole. On the other hand, a grey nerve 
fibre has tlie central axis of grey matter almost exactly like that of the 
white nerve fibre, but running along, just as grey matter, and not sur- 
rounded, or coated, by anything. 

Xerve Cells. 

A nerve cell, like any other cell, consists of a nucleated mass of proto- 
plasm having from one to twenty or more processes : hence we speak of 
uni-, bi-, or multi-polar nerve cells. The »hape of the cell is characteristic 
of its locality. Tlie round cell belongs to the spinal ganglia: the angular to 
the sympathetic ganglia : the irregular branching cells to the grey matter 
of the spinal cord : the conical to the surface of the brain : the fiask or 
retort shape to the cerebellum, etc. The »ize of the nerve cell varies , 
greatly. The multi-polar nerve cells in the spinal cord are so largo that < 
one can almost see them with the unaided eye, whilst those in a part of 
the cerebellum are so small that the layer they form is called the granular . 
layer. 

Like all other parts of the animal economy, the essential parts of the / 
nervous system (nerve cells and fibres) require mechanical support: . 
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require blood vessels, nerves, and lymphatics for their nourishment and 
continued existence during their wear and tear. 

Without physical support, the delicate grey matter would be crushed 
or torn, especially in the large collections of nervous substance (brain 
and spinal cord). The physical support of the nerve cells and 
fibres of the brain and cord is called neuroglia. It consists of an 
extremely fine, delicate, open net-work, whose structure has 
not been thoroughly agreed upon. Professor Schiifer, in the second 
volume of Quain's anatomy, p. 149, says: — "It is not composed 
of cells, although these occur in it, but it is rather of the nature of 
an intercellular substance which occupies the interstices between the 
nerve fibres. The cells which are here and there found in it are flattened, 
and resemble small connective tissue corpuscles, and the neuroglia of the 
nerve centres has generally been regarded as consisting of connective 
tissue ground substance, especially since in many places it appears 
fibrillated." 

Transverse Section of a Nerve. 

The transverse section of a nerve, such as accompanies the present de- 
scription, shows the following structure. 

We have one, two, or more nerve bundles of different sizes, 
mechanically supported and held together by a fibrous arrangement of 
areolar tissue. The latter tissue also affords mechanical support to the 
nerves, arteries, veins, and lymphatics which must accompany the nerve 
tmnk as a whole, and afford it proper nourishment. 

The sheath which surrounds all the round bundles of fibres is that 
which wo first come across in dissecting a nerve as it lies in the body, 
and is called epineurium. Besides this each nerve bundle has a special 
sheath for itself, also readily seen : this is called the neurilemma, and is 
lamellar in structure, whilst the epineurium uiterlaces with iUelf in all 
din!ctions. The neurilemma receives fibres on its outer periphery from 
the surrounding epineurium : it also gives off flattened prolongations from 
its internal periphery, which go to form septa between the (/roups of 
nerve fibres which compose a single nerve bundle. From these septa 
again there is still a smaller structure given ofl', which separates the indi- 
vidual fibres of which a group is composed. This is called the endo- 
neurium. This endoneurium also supports the capillary blood vessels 
which nourish the nerve fibres. 

Modes of Preparation. 

2V> j^c/?rtr6 a Nerve. — Dissect out a ])iece of tlie sciatic nerve of a 
horse, ox, dog, or cat. Tlie ])iece sliould be an inch long and gently 
stretched upon a piece of wood, or a match, and tied at both ends to pre- 
vent shrinking if taken from a small animal. If a large animal ho 
chosen the nerve trunk must be cut lower down where it is sniailei-. 
Place the cut piece for ten days in Miiller's Fluid. Tiien transfer to 
alcohol as usual. Transverse sections, stained, then rleared and mounted 
in balsam, shew the parts we have mentioned in their relative order. 
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Sections cut longitudinally should also be made. Although the nerve 
iibres themselves do not coalesce, tlie minute bundles which go to form a 
nerve bundle both give and receive fibres from neighbouring bundles. 

To prepare a Nei^ve Bundle. — Take a mouse just killed : make an inci- 
sion through the skin in the middle lino along the breast bone, and tear 
away the skin right and left. Very fine lateral branches will be seen 
stretching from the flesh of the chest to the skin, more or less surrounded 
by areolar tissue. Pour over the entire parts so exposed a half per cent, 
solution of nitrate of silver : then after five minutes cut out little lengths 
of these minute nerve trunks and wash them in two or three lots of dis- 
tilled water in a watch glass. After the light has changed them to a 
faint grey colour, mount them in glycerine jelly. We then can see the 
nerve fibres in the form of a bundle, and this bundle coated by a single 
layer of epithelium. The intercellular substance of the epithelia is dar- 
kened by the silver, and we have silver lines well defined. Here and 
there we see beneath this epithelial mail little crosses which we shall de- 
scribe lower down. 

To prepare Single Nerve Fibres, — We have seen that the medullated 
nerve fibres have a coat of fat over the central grey band or axis. As 
osmic acid blackens fat we use it to distinguish this thickest, largest 
part of a nerve fibre. Kill a frog and dissect out a piece of the sciatic 
nerve an inch long. Tie it lightly but firmly to a match with a piece of 
fine thread, wetting it with distilled water all the time to prevent it 
ilrying. After cutting it away place it, match and all, in a 1 
per cent, solution of osmic acid for ten minutes. Remove it and 
wash away all the osmic acid with distilled water, then 
place the whole in a test tube and cover it with a solution 
of picro-camiine, and gently secure the end of the tube with a cork. Let 
it remain a fortnight (Stirling), and cut away lengths of one-eighth of an 
inch, and dii^sociate the fibres with needles by means of a dissecting 
microscope. After separating or isolating a few individual fibres, mount 
these in glycerine jelly. We now see the three components of the nerve 
— the axis cylinder in the centre, the large fatty (medullary) sheath 
stained black with the osmic acid, and the whole enveloped in a sheath. 
Wc now notice that the axis cylinder is an unbroken, continuous strand ; 
so is the outermost sheath, but this sheath forms constrictions now and 
again, and in doing so constricts everything except the central axis ; 
therefore, the fatty coat is squeezed away, so to speak, leaving 
the outer sheath and the central axis only to represent 
the nerve fibre. It is this constricted bit of sheath running 
transverself/f and the central axis here seen, running, of course, londi- 
tuclittolli/f which stain in the silver preparation of the mouse's nerve, and 
thus produce the little black crosses here and there along the course of a 
medullated nerve fibre. 

BIBLIOGRAPHY. 
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The poua Varolii, ur luber dDiiultire, is & thick band of nervoaa mattsr 
arcliinij forward, and stretcliing, as we have snid, bolweeii the twft halves 
of the cerehellura. It is miide up of transverse {commissural) fibres, 
which are pierced by longitudinal fibres passing up from the spinal cordt" 
tha cerebrum. • 

The medulla oblongalu appears to be the uppermost part of the spinal 
cord, but lies within the eraQium, hence it is said to be a part of lh>- 
encephalon. It is wedded between the [ions Varolii and the cerebellum : 
the former spans it an<l partly eni:IoBe.° it. It is irregularly cone shiiped : 
the thicker part of the cone being uppermost. 

" The curebelhim or hinder brain consists of two lateral hemisphere'- 
joined to(;ei1jer by a median portion called the wonit or vermiform pro- 
ress. This is seen on the under surface in the fosea between the hemi- 
aphere», as n well-marked projection named the inferior vermiform process, 
but ubove forms only a sH};Ut eleVHtioji, the superior vermiform process. 
In birds and in animals lower in iho scale, this middle part of the cere- 
bellum alone exists, and in animals it is the first part to be developed : 
mureovtrT, in most mamniala it forms a central lobe very distinct from the 
lateral portions. The hemispheres iire separated behind by a deep notch. 
The up]ier vermiform proces.*, though slightly elevated, is not marked 
olT from the hemispheres, so that the upper surface of the 
oi^an, which is somewhat fijittened in the middle and sloping downwards, 
at each side, is uninterrupted. ISclow, the hemispheres aru convex, and 
ate separated hy a deep fossa named the vulliculn, which is coutinuotu 
with the notch behind, and in it the inferior vermiform process lies con- 
cauled in a great measure by the surrounding parts. Into this hollow 
tlie medulla oblongata is reteived in front, and the falx cerebellt behind. 
The greatest diameter of the organ is tranverse, and extends to aboui 
three and a hulf or four inches. Its width from before backwards it 
about two or two and tt half inches ; and its greatest depth is about Iwu 
inches, but it thins out tuwimls its latend honlers. The surface of the 
cerebellum is everywhere marked by deep, tloscly set transverse fiatunt- 
which extend a considerahle depth into its sub»>Lunce. One of these, the 
greai horizontal fissure, divides the cerebellum into on upper and lower 
jKirlion, corresponding in fact to the upper and lower surfaces, in each 
of which there are several lobes." 

The internal nrrangcment of the giey and white nervous mutter com- 
jiosiiig the cerebellum is well seen in the accompanying slide. The 
i^nlml part is composed of while nervous matter which sends out 
ilivergent and gradually thinning layers into the interior of the laminw, 
larger and smaller, the grey nervous matter forming overywheni the out«r 
coveiiiig. lu couaeqiience of this arrangement of while and grey matter 
sections of the cerebellum crtimivg the luminue piesent a foliated appear- 
ance named arbi/r vitar. This apjteiimnce is seen in iiny vortical section, 
but is most Lonfpicuons in a section whith psssen through the median 
plane, where the relative quantity ot the centra! (white) matter is small. 
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The foliations are nrratiged Bomewhiit piimalely, the sections of each 
primary lamina bavin<r those of secondary laminae dustered round it, like 
IwaflelB on a stalk. The main brandm of the white (central) nfrvoiu 
0uliiilaiu-£, or groupi uf tliem corregptwi mlh the lobules which, ihongh 
we have not mentioned it, receive namea according to their sliape, or 
appearance, or poiiition, or fancy of the anatomists who have described 
them. 

"The outer or grey nervous mutter, also called cortical, is composed of 
two distinct layers, having liptween them at llieir junction a layer of cells, 
called the corpuscles of Furkinje. Outside the whole is t!ie pia mater, 
whose blood-vessels pierce the nervous substance. The two layers are 
named respectively 

The outer layer. 

The inner luyer. 

TTte outer layer coiisista of a delicate matrix, containing cells and fibres. 
Host of the fibres have a direction at right angle* to the suifnce ; the 
greater number of tbem are the processes of the large (Purkiiije'r) cells. 
The eelU of this outer layer are grunulo-like bodies, some very small, and 
lielonging, probably, to the matrix, others somewhat larger, and probably 
nervous, with processes extending from one or more sides. Some of the 
corpuscles are connected with the processes of the large cells of Fuikinje. 
The inner part of the layer, contiguous to the cells of Purkinje, contains 
nerve fibres running parallel to the surface. 

The inner layer, that next the medullary centre, consists of giannle- 
like corpuscles, imbedded as close groups in a gelatinous matrix, which 
contains also a pUxus of fine nerve fibres. The coipnscles of Purkinje 
dip into and are, therefore, almost surrounded by these granule-like 
corpuscles. 

The finrjnuieles of PurkittJ'^ lie, as we have said, between the outer and 
inner layers of the grey cortex. They are mostly flu sk-e Imped, with 
their longer axis at right angles to the surface. Piocesses extend from 
ibem into both the inner and outer layew ; the outer processes being by 
far the larger and more cutispicuons, branching and dividing as they 
approach the f'Urfuce. The inner process, after passing into the granular 
layer, becomes the axis cylinder of a nerve fibre, therefore it is fine and 
undivided. 

The while (central) nervous centre of each lamina consists of nerve 
fibres arrangeil in parallel or interlacing bundles, which pass from the 
central or white matter of the bemispheres, etc, and appear to turn 
obliquely into the cortical grey substance. These disappctir in the 
granule layer and are believed to be continuous wilh the axis-cylinder 
procesaesof the corpuscles of Purkinje, but some anatcimisls are of opinion 
that they arise in pert by the union of the fine fibres of a plexus in the 
outer layer." 



MoDB OF Prbfaration. 

Thb cerebellum of a liiimaii being, cat, liog, or rabbit may be taken and 
(Jut into pieces half an inch square. These pieces are ihen to rest on 
cotton wool on the bottom of n jar filled with three pii-ta of Miiller'e fluid 
iind one of common alcohol freshly mixed, but allowed to cool before use. 
Keep ina cool place during liarJeninn. Renew the fluid in twenty-four hours, 
than in seven Jay*. The pieces should he left iiboul twenty-one days in thin 
mixture altogether. They are then to he trangferred to a large quantity 
of a 2 per cent, solution of bichromate of ammonia for another fourteen 
(lays to complete the hardening, Now wash away all the preserving 
Huid by repeated changes of clean cold water and transfer to common 
alcohol. 

Sections are to he made aerogt the folia or leaflets either hy freecing or 
imbedding. The latter is preferable if very thin sections are required, 
because if freezing he employed the leaflets are apt to fall asunder, and 
I lie pia mater also ^eis torn away. The sections are then to be stained 
in an ak-oholic solution of nnilin bhie-hlack make as follows :- 

Take of 

Anilin blue-biack 1 decigmm. 
Distilled 'Water, 4 c.c 
Rectified Spirit, 100 c-c. 

Dissolve the dye in the water thoroughly, then add the spirit and Alter. 
This is to be kept in a we II -stoppered bottle till required. 

The sections are to be stained in the above, then cleared and mounted 
in b.ilsam in the ordinary way. 

BIBLIOGRAPHY. 
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1 of the Grey Matter of a Cerebral Convolatioo 
T.S. xl50iliani. 



Etymology. —Arachnoid (dpix^l, a spider's web, aSot, like) ArtiuU' 
(arcus, B bow). Corpne callosutu (corpus, a body and (;alliiH, hard). 
Dnra mater (mater, mother ; durua, hard). 



Genbral Desceiptios. 
The Iar){eat part of the human encephalon is called the cerebrum, and 
extends from the fore-head lo the back of the head, also from ooe nde of 
the head tf> the other ; the depth— roughly speaking — in troio the top of 
the head to a line drawn round the head throngh the eyea acniM the 
t«mples and through lialf the ear-lobes, which would bccoine a eonplcto 
band meeting high up on the neck. In otiier words the cerebrum it tli» 
brain aa seen from the outside, so to speak. 

The cerebrum is composed of two cemetrictl halrM which neariy 
toDch. The two halves together form an ovoid maw fiottened on iU 
ander surface, having the front end the small and the larger eml behind. 
The two halves, though nearly tuacliing thronghont their coune, an 
separated by a very deep cleft called the longitudinal fiwmre. Each 
cerebral hemisphere, therefore, has three surfaces : a convex mrftce in 
contact with the cranial vault, a jiat surface which helps to torm Ihs 
longitudinal fissure, and an irregular under surface which rooatly lias on 
the fioor of the cranial vault. 

The two large hemispherical mossefi we call the cerebrum are Mepsrsted, 
as we have said, by the longitudinal fissure, but in the middle thia Rmum 
is not complete. A large transverse mass of wlute braio'Vubstaaes links 
the two cerebral hemispheres together. This lmniiv«rse naai of while 
brain substance is called the rorpug ca/lofum or gntat commisnire. 

The surface of tlie hemispherea forms an arch corrmpundinK to tb« 
top of the bead ; the outer portion of the cereln^m or *urfa<»i la imi 
smooth like an egj;, but is composed of eraiiiencea calW i-'iHtmlulltm*, 
and depressions ualled eulci. Besides the onlinarj sitlH thera sra daepei 



I to *(> 



4C BiUDiaa in kickosoopioal hcience. 

ones called furrows, nliicli <livii.le each lialf of the cerolirii 
lobes. These lobes fronj iheir position or function are calJ 

1.— Frontal. 

2.— P«rielal. 

3.— Occipital 

4.— Teiin«ral. 

5. — Central. 

6. — Olfactory. 
At the present day it is of Lha first imporlnnce for a doctor to be able 
to define pretty accurately the boundaries of these lobes. For our 
present purpoae, we may say roughly that the fronial lobe occupies the 
front or fore-head ; the occipital lobe occupies the back of ibe head ; and 
the parietal lobe the intermediate space, and so forth. The reason tho 
lobes are ao important will be deacrihed presently. 

The interior of the cerebrum is studied by paring away successive 
layers horizontally. The first cut diisplaya the internal while matter of 
each hemisphere, surrounded on all sides by the grey matter. This is 
called centrum ovale viinu». A second section on the same level as the 
lop of the atrptm caUomrn discloses a still greater area of white matter 
called ce?Ufum ovale mqjita. We now see that the white matter of the 
hemispheres is connected by the corpufT fo/^iMHm itself le/itle matter. A 
third layer removed discloses the hollow space in each hemisphere callod 
the lateral ventricles. On the floor o( each ventricle are several struc- 
tures : the most noted being the iwo lat;ge mft-iaea of grtn/ matter, the 
j^reater part o( each being imbedded in the tehtte substance of the hemis- 
phere in which it lies. These large ovoid massesure called the efirjxira 
striata ht gnvglia of the cerebral hemupliere». 

The bmin and spinal cord being conlinuoua structures are covered by 
continuous membranes, three in number : — 

1. — The dura mater. 

2.^The arachnoid. 

3. — The piu mater. 
The dura iiialer is a very strong, dense, inelastic, fibrous tunic, which 
adheres closely to the inner surfitce of the bunes of the skull and forms 
their iulemal periosteum, the adhesion being more intimate opposite the 
eulnrea, but within the vertebral canal, i.e., as it stirrounds thei.pina] 
cord it forms a looite sheath. The dura mater within the skull is doubled 
upon itself and thus is enabled to leave the bones and return to tiiem at 
the ennie place. Such a duplication ix called a process, There ur> three 
•inch processes or partitions, namely :— one running lengthwise from the 
forehead to the bock of the head in the middle line, which dips down and 
separnles the two hemispheres of the cerebrum: a second has a hori- 
lontal direction, strelchinK acroDit the buck part of the skull between the 
cerobrum and ccTebellunj : and a third wtiich, like ihe first, is vcrticHl, 
and separates the two hemispheres of the cerubcllum. By means of the 
dura mater, thcrefori-, the lour large mosses (2 cerebral, 2 cerebellu 
.hemispheres) which form the brain, practicnily, ore ]>artitioned tiH, and 
•ndoaed willi much firmness, hut taihoul premun. 



Tlie arachnoid membrane invents tlie brain nnJ cord closely, but doe 
not tlip into the mtlei. It is a delicnte membMne, cunsiatiiig of fine fib- 
rous tmue biiiidlea interlacing with each other. The intervftis betwron I 
the sp.ices are filled up by dclicati: niembninos, compoaed of expanded 
cells. 

The pia niat«r is a deliuate highly VHscul.tr niemhratic, closely enveloping 
tiie Hurfiiue of the i:unvolnt ions and dipping iuto the sulci of the cere- 
bmni. From ite innur surface numerous minute blood vessels ppneirata 
tfa« brain snbetance. The sanie also obtaiiiH in the case of the cetebellnni. 
AroDud the cord the pia mater in thickei-, firmer, and paler (from heing 
le» vnscukr) and moie udheitiiil Lo tlie neivous matter of the cord. 

ll will be aeeu then that the membranes of the hmin and cord 
have tbrru distinct olfiuea: — the dura mnter mechunically supports ; the 
anohnoid eeurelcK seroua fluid, trhich also ucls as a piickiu^' agent ; and 
Ihe pia mater suppltoe the means of life. 



Thb Cobtical. ok Gbbt Mattbr. 

Our section and drawing give a representation of the grey or cortical 
matter which caps ihe convolutions and dips into the sulci of the cere- 
bnni. It contiiins cells and fibres embedded in neuroglia, withuumerouB 
blood vetisels which pass verLically innards. 

Tlie cells of this cortex are arranged in layeia ; the moat cxtei-nal 
l^er is narrow and forms about the ,Vth of llie whole thickness of iha 
grey coitex. It ia composed chiffly of neuroglia and contains a fewsruall 
cells tvilti line processes, probably not of nervous character. A few 
Riadalistcd nerve-fibres occur in it forming a thin superHcial white 1 
■tratnm immediately underueath the pia .mater. Thu next layer of 1 
DtMrly the same tliickness is characterised by couLaitiiug n lirge 
tmmW of small nerve col la mostly pyramidal with brHnch- 
tng proCBPses. The third layer ia of paler lint and much I 
Hreater tbickneBS. It containa pyramidiil brnnching cells, laqje and 1 
■mall, arranged as above described, with the pointed extremities I 
towards the surface uf thti convolutions, and separated iuto groups by the 1 
trandlvf of radiating nerve Ii)>re8. The inner portion of the layer, in I 
which the cells are larger and the separation into groups more distinct, is I 
•onielimea dcacribod as a separate layer. The fourth layer is narrower, j 
mad oonlains niany i-mnll irrcgulnily shaped corpuscles, round or angidar, ! 
with fine processes placed irregularly and less distinctly separated into 
];roU|n. The fifih layer, of greater width than the last, and bIeniH)j|j 
tnon.* vt loBS with it, is composed of fusiform and irregular cells. The 
fimform cutpusclea have a definite arrangement, being plsced for the 
moat jHirt veitiually at the summit of a convolution, but in the sulci, 
parallel to the surface, where tliey correspond in direction to the arcuate 
fibre* (Nisaing from one convolution to anolher ; they are said to be 
connected with these tibn-s. Dvneath the hisl layer is the medullary ] 
oeutra with which it gruilnally blends. 



Tho cells are nf yarioua forms and sizes, many of them have numeToue 
processes. Some of these branching cells are irreKiilut i" foim and 
position, but the majority are more regularly pyramidal in shape, witb 
the apex of Ihe pyramid turned towards tbe surface of the convotulion. 
The average fize of the larger pyr,imidal cells is the ^iach id diaDieter 
at the base, snd eacii has a rounded nucleus having an average diameter 
■ of a ijooinch. They generally contain a little yellowish pigmert. Tbo 
cells often ap|iear to lie in distinct cavities in the grey matter, but it h 
uncertain if these are natural or produced by shrink in;; 
after death. The process from the apex of each ceU may be 
traced for some distance towards tho surface of the convolution, 
giving off one or two bninches as it passes outwards, Tbo undivided 
axis-cylinder process probably arises from the centre of tho base of the 
cell. The processes of these colls, as welt as the body of the cell itself, 
possess a distinct longitudinal striatiou. Tbo smaller angular cor{)U5cle« 
are also provided with branches which tun in various directions and 
probably unite into a fine network. Rounded cells, having no visible 
processes, also occur. 

The fibres radiate from the white centre of each convolution in k11 
directions into the grey cortex having a course for the most part perpen- 
dicular to the surface. In passing through the grey substance they are 
arranged in bundles about the j^, inch in diameter, and thus separate 
tbo nerve cells into elongated groups and give the section n columnar 
appearance. 

Mode of Preparation. 

If possible, we ought to obtniri a portion of human cerebrum, and 
choose a frontal convolution. 

It is to be prejjared like the cori^bellum, as described in the last histo- 
logical number, and stained with miiline blue black, and mounted iii 
Benzole Balsam. 
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loi^slity of the vaiiouii canvgtutJons, li» should procure Ferrior'a work 
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other, tbe hp is elevated, and the nostril dilated : also numerons other oombjoad 
muwular moTomeoti, can be produced with predeJon and certainty. When apicnlc 
of boue or matter preu on these known areas, that area the sur^n detemiines hf 



ihe r«sutt4 predttood ; he trephinra, and is able Ihn: 
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baa b««n obtained by lakiog away the akull-cap of numer 
a« it haa been the means of saving numorona human Uvea 
to hia (aniily many a hnnian bread-winner in the futnre. 
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Page 9.— 1. 6 from foot ; for '* cartilage is tissue " read "cartilage is a tissue." 
Paok 11. — L 2 from foot ; for "the white corpuscles is not/'&c, read " the white 

corpuscle isnot/'&c. 
Paok 25. — ^L 11 from foot ; for " their areolar character of is shown " read "their 

areolar character is shown." 
Paok 29.— L 14 from top ; for " the proportion of carbon and hydrogen '* read " the 

proportions of carbon and hydrogen." 
Paor 44.— L 13 from foot ; for "solution of aniline blue bUck make as follows " 

read " made as follows." 
Paok 45. — ^L 15 from top; for "cemetrical" read "symmetrical." 
Paok 48. — L 2 from foot; for "and as it has been the means" read "and it has 

been the means." 
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SECTION II.— BOTANICAL HISTOLOGY. 



CHAPTER I. 



Thb Morphology of the Cblu 



Ifodem vegetable histology may be said to have had its origin in 
SOBUnoBxV enunciation, that the tissues of plants are built up of cells. 
Litenlly, histology^ is concerned with the general morphology of tissues ; 
it is odIj since the introduction of the microscope, as an insti-ument of 
power in anatomical research, that histology has nmked as a science 
whieh deals exclusively with minute stnicture. The cellular nature of 
vqpBtftUe tissues, es|)ecially of sucli as are likely to bo examined by the 
bcgimier, viz., those of the higher plants, is apparent at first sight when 
vioved with even a very low power of the compound micro«c*oj)e, but it 
•Mi be borne in mind that when Schleiden framed his theory, he 
UMNind under technical methods of manipulation of a very ])rimitive 

; bis discovery, therefore, marks an epoch in the history of 

eeieiice. 



Cbll Theory. — The foundation thus laid by Schleiden 
department of biology, wus speedily extended to in- 
cUe the more obscure nature of animal tissues, and Schwann 
JBttKntalised his name at this early period by the statement 
tint, amongst animuls, " there in one tinivensal principle for their develop- 
and that jmnciple is the formation of celiff"^ and this dictum is tho 



limitr*$ Archiv, 1838. 

%r. icmrs, web, tissue ; and Xdyo9, 'iiscourse. Also written Uiatiohgy^ from 
f'f. urriovt ttssae. 

^Mil-roakopixhe Untersuchnngen, 1838; Syd. Soc. Transl., London, 1847. 
p. 165. 



iTUUIEB IN MICnOHOilPICAL STIBHCI 



more remarkable from the fact that it waa arrived at wlien the \ 
metliods of iiivesti<,'alion at Iho coinnaiKl of tiie histologist, vorc bucIi nn 
to inrotve tlie utmost diilicully in rest^arcli, and wlien tlie optic:il means 
at liis ilispo^ vrer» often quite iin reliable. Even at the present time, 
when microsco[>es and tlia metliods of reoearuh have reiichrd bo high a 
standard, that it may with justice bo doubted whether thuy can be much 
improved, it if somotimea most difficult to imagine that certain tissiiea 
are built up of elementary units, which preserve an individuality nioro 
or less independent of ouch other. That such ia in re-tlity the case do^^a 
not now admit of any diRputc; all tissues that have hitherto been exa- 
mined microscopically prove the universality of Schwann's doctrine. 

But, whilst investigating the moiphology of tissues, Schwann at- 
tempted to account for their origin ; and the imperfect means at his 
command Icil him erroneously to bclieva that cells mny arise tin 
noiio by a sort of pracipitntion in a struclnrele^s prC' 
ttiating substance which he called a ei/folilagtftiia.^ Robert Browx,* 
I'in 1833, drew attention to the ntti/eun, which had Ix'en figured aa early 
n lSO-2, by F. Badbr,' and Schwann' applied the term iiurJeol»x, to 
tho smaller denser body within tlie nucleus which hail already been 
observed by Schleidek, but hero again ho fell into tho error, that the 
formation of the cell commences witliin the cytohlnstema by the sepa- 
ration and coalescence of particles which form tho nucleus ; around this 
centre an analogous precipitation produces the cell-wall, and between 
those two, the so-called cell-fitiid accumulated. Barrt,' and nubseqiteritly 
GrOODaiR,* protested against this theory of cell formation, and estahlisheil, 
that all cells arise through regular descent from pre-existing cells. 

The second great advance in histology was the discovery, by 11. vos 
MoHL, of protopl'igni' in the cells of plants, and here, as in the furmt^r 
instance, its animal analogue was shortly afterwards identified by Cohn, 
RlUAK, and others. But now a comptiealion ensued, which somewhat 
retanlcd the progress of histological science ; Souwask defined a cell ns 
essentially — a nucleus and a cidUwall ; to the cell-wall he altributei] the 
power to elaborate and modify the cell-contents, and this view of the 
caaa was all but universiiUy accepted, when Leydio* pointed out the enor 
by showing that certain cells, «.{i., pus, mucus, etc, do not posscn cell- 
walls, and that the cell-substance, or protoplasm, is the essential portion. 



'Or. kiJtos, cell ; y3AaoTIJ/«», hHii, sjiroiit. 

SUvetltatt-eu* HnUiHwal Work; Vol. I, y. f.I2. 

Hill tho relU of tlie itigitK of lilnio Tatdm-ilUn- ; also figure.! in 18 

in hi* PkgtUomif. 
tSfkwnHii aud f'rh'iiiUn't Itararfkist, p 8. 
^Fhil. rrnWL liim- ■■««.■ Loiidmi. 183S— 39. 
'^Anatumiail miA Patknlogh-nl Otim miiviit, EJiiihiirgh. 
'Urbef die St^bneei/Kigm Un [niiertlt dtr Zelltit, Bui. Zeilij, IS16, p. ] 
*llandbMK dtr Itiilobvit, l^M. 
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to lie essentially a nofUakd »mtt ^ fntagHmtm. 

Ve^UTile histology a^in took the le^ m tfae ~f ■■*■-* ■■wmw> 
ment by BbCckk,* ikit idsbj cetU, «.«!;, the cdb ol Aayi^ u* 4nnd of 
nuclei ; antl oiioe agaia it was speediJy d i t m e wd that the iio cfe aa » 
not always present in the cells of aiunul t iM O ML BKauda 

« minnM uon-nucleated < 
eribed his now well-known I 

fonndation staue of the Older Mtmem (the Mtmbew ol wfiidi ( 
foimlet^ DiBSsea of protoplMm whidt nave bacB biaded aboul traog the 
vegetable to the animal kingdom), in \m then aniqaa Pnlogtwm 
primoT'liaiie. And now, with the rnpi Uy incnesiiig ruiaty of fbtma, 
a complication uroi-e, of a mo6t serious character, whkfa threatened 
to throw liistologinil nomencktare into chiuMv Since Letdig. Rkmak 
(tntl ScHULTZK had applied the term efit to a nudtatfd u-tss 
of protopliism, Ha£CEEL sought out a new name for his ■>««- 
nvdfOfvd form in its Hellenic eqaivalent — eytvde, and the term 
came into general use. Gut this mnnufactnre of terms would need lu be 
carried to a much greater extent to be at all ailequate, and new nxmea 
would have to bo invented for such things as rlie cells of the periderm 
of the higher plants, which have become thoroughly siiberii«d, the corky 
change having eiiporvcneil to such an extent as to leave no trace of any- 
thing but a thickened cell-wall, alike impervious to air and water; or the 
lignllied cells and coil-fusions of woo<ly-tiraiie, upon whoso pnssiva 
mechanical properties tho healthy continuance of the life of most af the 
higher planis dependii, wonid have to be described by other names, which 
indicate that they cnnsist merely o[ thickened cell-walls, from which 
both cell-contents and nuclei have disappeared. 

A way out of the difficuhy has been pointed out by Rutherkohd.' 
who maintains that the cinssical term cell should be retained to indicate 
any one of three things: — 



ICellular rathuloiiu, traiwUtcd by Chahcc, 1680. p. 12. 

iTkt S'rue-ure iifihe HUmeiUnTy Tiasaet, Lnndon, 1881. 

iltiUUr't Archiv, 1881, p. IS ; Ou Pr<4aplasa\a, LeilHifi, ISflS. 

aDU eUnvnlnr. Or<ianvi»iin. SiU. d. k. Ak<d, Wiaii. 

iA TrTTl-Bovk of /"AtfiiD^jf, Eilinbiir);h, 1880, p. 3D. Here tlio tcrinii;)ra/ifil(u< 
anil ;«n(yJ<uI are used ■» lyBonymonfl with (-■Bll-eoDtent* and cell-wall rM|i«cti»»ly, 
They point to the rclativi poilUons of the puts of tba cell. 



BTDDIES IX MIOROSOOFICAL SUIBNOS. 

A simpio prntoiiliist, with or without a periplast. 
A nucleated protoplast, with or without a periplast. 
A periplast. 
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Exnraple.i of iho first variety of tlie cell are to be found onl}- umon^Dt 
the lower orders of plants, nnd most abumlantty in that deliateablo group, 
half plnnt and half animal, the Rerpium Prolietictim at Haxcrei.. In 
certain stages of soroo of the lower eryptogama, as aniongst the Mi/rdMij' 
cete*, (K.g. Didijm'vm, Phyaanim, He.,) pl'imnodia, or creeping iiinsscs cf 
protoplasm are formed which are not unlike some of the lower foniis nf 
animal life ; tlieir true ptiint nature has, however, been detennined tiiroii;.'!! 
a ptudy of their life-history which ia eaaentiaily analogous to that of 
other nn doubted plants, tlie well-known PtnuJoniiea. 

Rut sooner or later most vegetable cells develop cell-wnlls of cellulose 
and thus come under tlie second category ; inslanccB are to be found in 
almost all orders of plants ; amoii},'st the Fungi the iinioellular forma as 
in the common yeast (Tornla or Saceharomyees Otvi-visim), or the multi- 
cellular inycehal varieties, (Agaricnt, etc), possess only ccll-widls and 
cell-contents wiihout nuclei - tlie tissues of most of the higher plant* 
possess nucleated cells, and the cell- walls are usually held to^'ethnr by ain 
interstitial material, the significnncc of which will be fully discusaed 
hereafter. In some of the Al^w, this intercellular subsUmce becomes 
enormously d(!velo|)ed and modified, so much so, that it seems lo be 
entirely distinct from the cellular elements, which appear to lie cmbeililed 
in it 

The epidermal tissues of plants, the outer protective coverings of 
their organs, and the inner lignified elements which either remain 
distinct and truly cellular, or become fused to form vessels or ducU', 
are all examples of the thin! variety of cell, viz., a cell-wall from which 
cell-contents have vanished. Although the lignified cells of woody- 
tissue have lost their protoplasmic contents, liiuy cannot be looked 
upon H3 ilend cells, becmiso in the latter case a certain amount of 
natural decay nnd disintegration would take place in the exposure to 
which they are subjected ; they are not dead altliougli they are func- 
tionally passive. On the other hand, certain of the cells which lose 
their conlents and are eventually reduced to mere cell-walls, as in lh<- 
outermost layers of the hark of trees, are practically dead ; lliey arc 
to be compared to the dcs<iuamntGd horny epithelium of the skin of the 
higher animals. 

All these considerations taken together ]H>int to the diversilio<l mnr- 
]ihotogy of the ceil, but tliey also show, that its primary end essontia] 
imrl is the protoplasm, or, as Huxi-ev' lias aptly termed it, thft 
"phifsirjd IuikIk n/liff." 

^Ij/ty Srnaimt L'titi'; tie-, Loii<1oti. 



FORMS OF CBLLB. 



Thb Variability of Form in Cells. — From what has already been 
stated with regai*d to the nature of the cell, it naturally follows that in 
form cells present innumerable differences, and that these are dependent 
upon the relative development of certain parts. 

It lias been pointed out that the protoplasm is the primary and essen- 
tial part of the cell, for without it the growth of the cell ceases, and its 
raidtiplication becomes impossible ; fmm it the cell-wall is produced, and 
as the latter becomes larger and thicker, the protoplasm lessens relatively 
in quantity, an«l, at the same time, contributes to the production of a 
contained fluid, tlie cell-sap, until, finally, it is entirely absorbed, and 
nothing save a dead cell- wall remains. This is the condition of things to 
be observed in such a simple form as the common yeast ]>lant (Sftceharo- 
myces CereHmce). 

In order to understand the facts just stated, the development of the 
yeast should be studied. The first or gcmmiparous condition may be 
observed thus ; — 

Procure some brewer's yeasti, and sew a small quantity in a vessel con- 
taining the following modification of Pasteur's fluids, and keep it in a 
warm place. 

Water (H,0) 8576 part8 

Cane Sugar (Cj a H,, 0,,) 1.500 ,, 

Ammonium tartrate (C* H4 (NH*)^ 0„ ... 100 ,, 

Potassium phosphate (KH« PO4) 20 ,, 

Calcium phosphate (Ca;, P« 0") 2 ,, 

Magnesium sulphate (Mg S 0<) 2 ,, 

Oxygen (0) 

Very soon the fluid will begin to froth up, and show tluit the active 
life of the plants has commenced. To make out the ])eculiarities of the 
cells a high power of the microscope (about from 700-1200 diameters) 
will l)e required. A small drop of thi» flni«l should bo placed on a glass 
slip, covered with an extra thin cover glass, and exaniine«l. The cells 
will prob.ibly ))e found in every stage of development. Some are 
isolated, whilst others are connected in groups. Amongst the i.solated 
forms every variety may be discovered by the use of reagents, but it is 
not always easy to find a group which shows every stage in the tlevelop- 
nient by budding of the yeast ; for this purpose it may be necessary to 
keep the ])lants under continued observation for several days in a moist 
chamber. 

iTliis is commonly known as harm, (A.S. beorrnn ; Ger. barmc), and may be pro- 
cnrerl from any browery, or from most public Iionscs. 

2PA8TKUK himself used yeast ash, but the fluid given above is easier to prepare, 
contains all the constituents of the a^h, with the addition of the ammonium tartrate 
and sugar, and serves quite well for all ordinary purposes. (See Pasteuk, CompUs 
Rtndus, Paris, T. xlvii, p. 1011). 
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Magenta solution^ in perliaps ono of the most useful in revealing struc- 
ture here. A small drop of the dye should be placed on the glass slip at 
the edge of the covering glass, and <Irawn through the field of view by 
means of u piece of blotting paper applied to the opposite edge of the 
cover. It will be noticed that some of the calU will not stain or only be- 
come faintly tinged when a strong Holiition of llic dye Ih used ; these are 
the old cells from which the protoplasmic contents have disapi^eared, and 
are therefore merely cell-wall^. Other cells become deeply stained, and 
it may be observed that the smallest of them, especially those which 
exist in the form of Imds, imbibe tlie dye most readily of all. 

Tliese very young buds arc apparently devoid of any cell-wall, but 
gradually, as they grow older and larger, a very thin membranous enve- 
lope may be discovered. The next stage shows the envelope plainly, and 
at the same time the centre of the protoplasm becomes hollowed out, — a 
vacuole is produced in which the cell-sap accumidates. That it is indeed a 
vacuole, and not a nucleus,ordcnser portion of the protoplasm, may easily 
be proved. When the object is living, and unstained, a slight variation 
in the fine adjustment of the microscope causes it to become alternately 
bright and dark, thus showing it to be a space of some sort in the 
protoplasm. On the introduction of the magenta or other stain, this effect 
is only heightened ; whereas if it were a nucleus, as rarely happens to 
be the case, it would become darkly stained, and remain so under 
a slightly varying focus. Again, when such reagents as a strong solu- 
tion of potassium hydrat'* or acetic acid are used, it disapi)ear8 altogether; 
the reaction of these fluids being solvents of protoplasm, so that if it 
were a denser portion of protoplasm, or a nucleus, it would at first resist 
the action of the reagent and stiind out in relief ; but, as it is only a space 
in the protoplasm, it vanishes. 

These conflnnatory tests prove it indisputably to be a varuo/c, an»l 
that the space is filled with fluid is shown by its contour w*hich is 
strikingly different from that of a bubble of air ; the outline of the latter 
is much more marked because of the greater differences in the refractive 
indices of the two. 

As the cell grows older the protoplasm becimies more and more vacuo- 
lated, and the ccll-wall increases in thickness ; either the vacuole liecomes 
larger, or seveml are produced. Finally, the protoplasm gradually lessens, 
adheres to the sides of the cell-wall, and eventually disappears altogether. 
The cell now consists of a mere envelope, its fluid contents arc all ab- 
sorbed, and it decays, — a sign of the absence of life. 



iTo make this ^olutioD, dissolve 1 decigr. of crystallised niageuta (roseinc) in 
160 cubic (*eiitinietres of distilled water: add 1 cub. cent, of absolute alcohoL 
Keop in a well-cloeetl bottle. (Hi xlky and Martin's hlementary Biology, 1879, 
p. 269.) 
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Although the protopLisni can be observed clearly through the cell-wall, 
it is otherwise denionstrubie. If a small pad of blotting paper is placed 
u|K>u the top of the covering glass of a specimen which has been stained, 
an<l gently tapped with a pen-holder or knife-hundle, some of the crushed 
cells will show the protoplasm clearly extruded from the cell-wall. 
Tlie action of iodine solution on the cells is of value to show that 
they do not contain starch, otherwise they would show blue colourations. 
Osmic acid is useful also to reveal particles of a fatty nature in the 
protoplasm. 

If now a small piece of dry German yeast is procured from a baker, 
shaken up in a large test tube, and allowed to stand for about an hour, 
the yeast cells will have separated sufficiently to enable them to be spread 
upon thin slices of a freshly-cut potatoe ; this can bo done with a earners 
hair brush. The slices thus treated should be laid upon a plate of 
plaster of Paris, this, in its turn, upon sheets of wetted blotting paper ; 
or a blotting pad alone may be used, and the whole placed under a bell- 
jar. The blotting-paper must be kept continually moistened with water. 
At the end of the eighth or ninth day, a fine scraping may be examined 
onder a high power of the microscope, and will then show the process of 
development by cuicosporeji or endogonidia. This process may also be 
observed by sewing ordinary barm in plain drinking water for a few 
days. 

Tlie protoplasm of some of the cells will be found to sub-divide in- 
tenially into four rounded parts. At iirst these ascospores are devoid of 
any cell- wall ; they are merely surrounded by the common envelope of 
the parent cell. But as they develop, each ])article secretes a cell-wall, 
the original envelope bursts, &nd they are liberated to proliferate by 
gemmation in the nninner already described. 

In both instances the buds or young cells began life as simple undiffer- 
entiated masses of protoplasm, to these envelopes were superadded, and 
vacuoles developed. Lastly, ihe protophism, or seat of growth, vanished 
gradually, until its total disappearance heralded death and decay. These 
record some of the simplest cases in the development of the individual 
cell, the external form of the cell varies but slightly during its increase in 
volume. 

Amongst the higher plants the growth in size of a cell from a simple 
mass of protoplasm is usually accompanied by a variation in form whereby 
an originally spherical or ovoid cell may ultimately become polyhedral, 
elongated, prismatic, tabular, or even branched. These parts of the cell 
(its protoplasm and wall) may liecome so modified that they nubsei ve 
the special requirements of the various parts of the economy of the 
plant 

In the reproduction of the common bladder-wrack (Fucua vesicuUh- 
^m) an excellent example is afforded of a simple mass of protoplahin 
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l>ecominj? clothed with a cell- wall, developing places for cell-sap and 
eventually growing into a large complicated system of cells, some of 
which perform special functions, but are nevertheless simple enough to 
be compared with the primitive yeast plant on the one hand, and com- 
plex enough to fore$«hadow the various organs of tlie highest plants on 
the other. 

Certain branches of these largo sea-weeds possess peculiar onlaigements, 
studded all over with small spores, each of which opens into its respe^ 
tive conceptacU as these are termed. If thinslic»'8of these conceptacles are 
examined in salt water, or normal saline solution, those obtained from 
the female conceptacles will be seen to contain certain large cells termed 
oofjonta. Each oogonium consists of a cell-wall filled with a finely 
granular protoplasm, which in its young condition seems to be quite 
structureless, but ere long the contained protoplasm breaks into eight 
nearly equal parts, known now as onspheres. The eight oonpherea entirely 
fill the cavity of the oogonium, and as they are closely ])rcsse<l against 
each other, their external shapes are polygonal. The outer wall of the 
oogonium now splits, and the eight oosj)heros are exjMjUed, surrounded by 
a very tliin membrane, which once fonned the inner coat of the 
oogonium ; the membrane becomes distended by the al)sorp- 
tion of water, and each of the oosphcrcs now assumes a spherical 
fonn. They thus collect in numbers at the mouths of their 
eoncoptacles, while the fertile branches are lying outside of 
the water when the tide has receded. On the rise of the tide, the thin 
membrane bursts and liberates the spherical oospheres which are still 
devoid of any cell-wall. At the same time other small bodies termed 
antliprozouh^ are set free from the male conceptacles, and come into 
i.ontact with these naked oospheres. Profound changes now go on which 
result first of all in the formation of a transparent cell-wall, and the cell 
fixes itself to some extcnial body, and begins at once to germinate. This 
it does not do Jifter the manner of the yeast plant, but the whole of its 
cells remain organically united. The fixed portion produces a root-like 
organ of attachment, whilst the free end develops leaf-like branches, on 
which coneej)tacles are afterwards produced. 

The cell-walls in these y»lants undergo a peculiar change which is 
common to mo^t of the yl/f//f, and which is worthy of attention here. If 
a thin section of the thallus of the jdant, preferably taken from its 
thickened st^'m-like portion, is examined under a power of about 150 
dinmoters, it is seen to consist of a number of cells which vaiy in fomi 
in different parts of the .structure, but which agree in ])roilucing cell-walls 
of a two-f«»ld nature. Each cell is surrounded by a wall which evidently 
belongs to itself, but the interspaces between the cells are filled with a 
material which differs from the onlinary cell-walls in that it is distinctly 
mucilaginous. There is n^ason to believe that it is prtnluced by a separa- 
tion and subsequent coalescence of particles tlerived originally from the 
primary cell walls 
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In some of the simpler forms of Algae this jelly-like suhstance is often 
used for social purposes. For example, many unicellular individualsj 
like Oheocydis and Falmella, are ahle to live together itl colonies, owing 
to the formation of stratified mucilagiilous outer boundaries to their cell- 
walls. In many cases comparatively large ** families ** arc formed, as in 
Botrpdina, while in others the co-operative result m>iy be the formation 
of a tube, or tubes, as in Itormospora^ or a pear-shaped colony, a^ in 
Apieygti8, 

But the coll- wall in unicellular AlgsB may suffer a perhaps still more 
marked and decided modification. The silicification of the cellulose 
membrane, weakly developed in some desmiJs, is carried to the highest 
possible i>erfection in the Diatoiwiceie, These organisms vai*ying infinitely 
in form, and, from actual invisibility to our* eyes, to an appreciable size, 
are provided, as is well known, With flinty coats of mail, most wonderfully 
marked with faultless geometrical designsi The cases or fniHtvles^ as they 
are technically called, are two-valved, and as multiplication by division 
is by far the most common mode of reproduction in this group, and also 
as when the mature cell divides, an old half-frustule is retained by each 
daughter-cell, while a now silicioUs half^case is built on the free face of 
each separating rejuvenised ma^s, it of cotirse foUoWs that the ttvo valves 
are of different ages. Each valVe is made up of a back and an inturned 
hoop-like rim or girdle. The girdle of the old valve — often likened to 
the lid of a pill-box — slips over ihe girdle of the younger, the line of 
junction being descriptively known as the (tutnre. 

One of the, disciform valves of the frustule of Arachnoidiscns 
Ehrenher(/ii [Plate 3] is selected to illustrate this differentiation of cell 
wall brought about in these, in other respects, simple organisms. The 
genus Arachnoidiscus is distributed in the seas of both hemispheres, and, 
acconling to Smith, Ehrenbergii is the only species belonging to Britain. 
The gathering from which the accompanying preparation was selected 
was taken in Monterey Bay, where the forms were found growing upon 
sea-weed* 

The valve, although so extremely thin, is nevertheless made up of 
two distinct layers, as may be easily seen by using a good \ inch oi>- 
jective and focusing for the two levels. The outer layer is said to be of 
a remarkably tough, more or less flexible, acid-resisting, horn -like nature, 
while it is the inner coat alone that is impregnated with the silica. 
The two layers can, by prolonged boiling in nitric acid, be actually 
se[)arated. It will be noticed that the inner Liyer is marked with lines 
oi punt'ta^ arrangetl both radially and coticentrically, and that there is 
a central ])Iain spot, the *' pseudo-notlule " •»£ descriptive writers. 
Around this pseutlo-^jodule may be seen a well-ilefiued double row 
of ";>7///rra,'' the individual markings of the inner circle being linear, 
while those of the outer are roinnl. Respecting the outer layer of the 
valve, it is marked with radiating' bars of equal length, springing from 
the circumference, and appro-aching, but not quite meeting, in the centre, 
their concentrically arranged t'^rminations forming a boun«iary to the 
double row of markings surrounding the jiseudo-nodule noticed above ; 
while shorter and less conspicuous lines of une(^ual length alternate with 
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these more fully developed rays. To tlie soTnewhftt striking resemblance 
in appearance of these markings to a spider's web the generic name of 
this Diatom is due. 

In the higher types of vegetable life we meet with a greater diver- 
sity of form in cells. Here various systems of tissues are developed 
to subserve the physiological demands of the more highly speci- 
nlised individual. A section through part of the body of 
any vascular plant will serve as an illustration. A young shoot of 
Scotch fir fPmiut sylveitris), seen in cross section, has been selected 
(Plate 2). It presents, roughly speaking, five regione — (1) pith, (2) wood, 
(3) cambium, (4) cortex, (5) dermis. The cambium zone, immediately 
surrounding the green-stained wood, is made up of thin- walled elongated 
cells, growing closely together, each cell presenting a brick-shaped out- 
lino in transverse section. A magnification of 30 diameters is not 
sufficient to clearly define them, hence the drawing fails to show this 
region with satisfactory distinctness ; but the preparation itself, examined 
under either a J or ^ inch objective will most clearly display it. These 
cells, during the life of the plant, are filled with protoplasm, and never 
(so long as they are members of the zone) advance beyond this simple 
torula-condition. Like Torula, they require, as food, constructive 
materials of an organic nature, and when so fed, also like Torula, they 
multiply themselves by a process of division. The daughter-cells so 
formed may advance towards no higher type of cell, as may be seen in 
the plates (lines in the section) of cellular tissue connecting the pith with 
the cortex.^ But, on the other hand, these primitive cells may morpho- 
logically progress to a very special stage, as is exemplified by the tissue 
cells of the wood. Here, to give strength to the structure and for other 
physiological reasons, the cell walls are thickened from within, while, at 
the same time, to provide for the passage of liquids and gases in all direc- 
tions, numerous spaces opposite to one another on contiguous walls are 
left unaltered, and the weak separating double membrane may eventually 
become absorbed, thus making a direct communication between 
neighbouring cells. These specialised cells (or tracheides as they are 
termed) may be well seen by making a thin longitudinal section of any 
of the Coniferoi, and after very carefully heating the slice in nitric acid 
and potassium chlorate for some time, if it is transferred to a slide and 
the cover glass gently tapped before examining, the " pits " will be very 
clearly observable. 

The cells pushed outwards by the active cambium zone also become 
specialised in time, but as the changes in fonn and physical properties of 
this or similar regions will be the subject of future study, they need not 
even be broadly referred to now, as our present object is merely to 
indicate, in a general manner, the ]K)»sible variability of form in cells. 

SKCRETioN-CELr^ — Cells may become strikingly differentiated from 
neighbouring cells by becoming specialised to secrete from the circulating 

^Tliese rays being ver^' narrow, are not shown in the drawing, but niaj 
be easily made out in tiie preparation under a ^-inch obj., a» the eelU have 
taken up the caruiine Htain. 
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Rap materials which, in some cases at all events, may be looked upon as 
excrementitions matter. In the region qf the wood in the soetion of 
PinuA, such cells may be discovered ; they have taken up the carmine 
stain. With a good ^inch objective four nucleated cells lying in the 
8:une plane will be seen, and, owing to the withdrawal, or rounding off, 
of the cell-walls in each cell at the point where the edges of the four cells 
primiirily met, a space is left which serves as a receptacle or passage for 
tlie material nee re ted by the cells. The material secreted by the Scotch- 
fir is a resin which may be of special use in cases of injury to the trunk 
or its branches, acting at once as a balm and protection to the suddenly 
exposed surface or wound. In the cortical region owing to the formation 
of a wider tube through repeated division of the four primary cells, wider 
pftj^ages occur ; these are in communication with tlie wide resin passages 
of the leaves*. 

Cells with Special Contents. — Biennial or perennial plants, whose 
assimilating organs suffer destruction in winter, lay by during the season 
of activity, a store of assimilated food to be used in the following spring, 
for the purpose of nursing the buds through the critical period of nutri- 
tive dependence — that is, until the green leaves burst and spread 
themselves out to the air and light The bulk of the reserve material 
ifl usually starch, but it may be some other substance, isomeric with 
lUrch, while always there will be mixed with it a small quantity of food 
of a protinaceous nature. This constructive material is stored away in 
celb, which must, of course, be thin-walled ; while at the period of the 
ill-filling, at all events, they must also contain working protoplasm. 

To show these starch-containing cells, a section of the thick scale-leaf 
from the bulb of Crown Imperial (Fritillaria Imperialis) lias been 
selected. The preparation is stained with logwood. Those cells that 
have not been cut into by the section knife, display a well-filled ca ity of 
variously-sixed granules ; while in some cells the old nucleus of the proto- 
plasmic contents is still ()ersistent. If thin sections are made from the fresh 
bulb, cells may be discovered in all stages from those containing nucleated 
protoplasm, with vacuoles, to the completely filled starch-bearing cells, as 
shown in the preparation. It will be found that those cells lying 
near the surfaces of the succulent scale-leaf will contain few or no starch 
grains, but will exhibit in a marked manner the ordinary contents of 
living cells. If the slice is treated with weak potash-water, the proto- 
plasm may be seen dissolving away, leaving the large nucleus a very 
conspicuous object in the cell. It would be well to study the starch 
grains in a fresh specimen, either in section or isolated, by a process of 
maceration. In form they somewhat resemble one of the valves of the 
shell of a fresh-water mussel. At the narrower end lies the hilum, and, 
starting from here, concentric layers, alternately dark and light, may be 
easily observed by a proper adjustment of the light The potash solution 
Q8e<l above to display the nucleus, will cause these grains to swell so 
enormously, and at the same time render them so transparent, that 
they will become almost, if not quite, invisible. 

I Vol I. page 286~preparation 48. 



( 
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In the preparation, other structures can be seen, namely, sections of 
the feebly-tleveloped fibro-vascular cords that run up the succulent 
leaves, from the flatly-stunted stem at base of bulb, but as these have 
uo present interest, tliey need not be described here. 



Mkthod» of Preparation, Sec. 

The gathering from M )nterey B.iy, California, from which the valves 
of ** Arachnoidiscus Ehrenbertjii^^^ for the accompanying preparation were 
selected, is extraordinarily rich, in respect of the variety of forms it 
contains, yielding Arachnoidiscus Ehrenbergii (in profusion), Arach- 
noidiscus ornaius, Anlacodiscus oreganus, Eupleuria pulcliella (in 
abundance), Isthmia nervosa, Hyalodiscns stelliger, Hyalodiscus subtilis, 
Triceratium arcticum ( vars. a and b), and many small Navicnlse, Amphitetras, 
&c, &c. The Diatoms being in an exceptionally clean and perfectcondition, 
growing parasitically upon an alga, the prolonged boiling in nitric acid, fol- 
lowed by sulphuric acid, which is ordinarily necessary, and from the elTects 
of which the valves frequently become seriously abraded^ was avoided and 
a perfectly clean and pure Diatomaceous residuum, easily fnjed alike from 
heavy sand and light floating particles, obtained by means of the follow- 
ing simple treatment. The alga having been placed in a laigo biisin, in 
order to provide space for eff*ervescence, many organisms containing lime 
being present, was left to soak for twenty-four hours in 5 pwrts water and 1 
part liyilrochloric acid — 2 parts more of the acid were then a<lde«l, amlafter 
the subsidence of the renewed effervescence, the mixture was tlion>ughly 
stirred for some time with a glass rod^ The gathering was tlien carefully 
strained through very fine muslin, water bemg poured upon it with con- 
siderable force. The diatoms ami finer sand^ only, coidd pass through 
the muslin, which retained the coarse sand and all the fiocculent matter, 
which it is so difficult to remove when tl>e alga has beenboileil together 
with the diatoms. The strained matter was then boiled in pure nitric 
acid for twenty minutosy some crystals of chlorate of potash b«*ing added 
during ebullition. The acid was entirely removed by n.*peat<»J 
washings, and tlio gathering gently boiled for one hour (in a large 
test tube) in a very weak solution of bicarbonate of soda, and, 
l.istly, repeatedly washed in distilled water.- The diatcnn^, thus 
perfectly cleane<l, were spread upon slips and tlri«*d, the 
finer forn>s being selected and transferred to covers^ and n^mnted 
in balsam. Most interesting "strewed" slides may be made from such 
gatherings by allowing a drop of the cleimed niaterial to fall (from a 
hnfjhth in order to spread it evenly) on to a covering glass from a glass 
tube of small diameter, and njounting the fonns so spread in iKdsjim 
or " dry." The alga itself, also, if perfectly freetl from salt by prolonged 
soaking in water, repeatedly changed, will yield beautiful sliilea either 
"dry" or mounted in balsam. In the litter case the alga must l>e 
placed in spirit after being removed from the water, ami afterwanls in 
InrpentiiKs where it must renmin for some days, in onler tltttt the aif 
Biay be expelled from the frustules and rq)laced by tl>e turpentine, 
before applying the balsam. 
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last month (October) frnm a narrow, sluggish water ililcli, in a bogi^y 
slopn on Wimbledon Common, Surrey. The buttitm of lliu dilch 't-.m 
filled to a uonsidorabla depth witli peaty matter, and, in coriain places, 
the thin abuet uf water was fairly covered with this Uicra^teriuB, some as 
isolated individual, others as^ociaCiiiL; thi^mselves in sidilU coloniea, or in 
broad, deep masses, formed almost entirely of tlieac uahepiujj orgioiams. 
In the latter case the lower surfaue of tlie jrveoa ra/tss w.is generally 
attached to, or even mixed with, the soft brownish jwaty matter at the 
bottom of the ditch, making anything like a clean "dip" a matter of 
eorae difficulty. This species of Micriiaterias is, as may bo 
seen, a. flat, ohttisely-oval, much danticuUted ur^niMitim, llie 
mslnre individual prCBenting an all but uomplele sepurp.tion 
into two similarly shaped eub'beniiitiacoiil uellii, each hiilf being 
purtially separated from its clnsely opposed fellow by two deep, 
straight, and opposite clefts ; the cell cavities being united merely by a 
median, hollow, nari'ow isthmus of cell w>d] substance left as a junctioa 
collar between the two bilaterally symmetrical half cells. The cell is dllBd, 
or almost 80, with a densely granulated, intensely green proioplasm, often 
containing in addition, numerous, scattered, variously sized, oily-looking 
globules. Each half cell is deeply indented into five primary lobes, having 
the free, lateral faces in each case plane and closely applied. Each lob« 
(excepting the polar or terminal one in each half) is similarly indented, 
but not more than half bo deeply as the last, while ihe secondary lobee M 
formed are themselves still again indented each by a shallow, wide, or 
wedge-shaped cleft forming the ternary and ultimate truncated donticoln- 
tions of the little plant. The primary polar lobes are narrower, and onl; 
once indented while the sub-lobes are shorter than the secondary, but 
somewhat longer and broader than the ternary Jenticulations of the 
primary lateral lobea. 

The endochrome does not, seemingly, fill tlie whole cell, but a clear 
margin, varying in breadth in different individuals, miy be seen along 
the entire denticulated circumference of tlie cell. Widening at the 
polar regions, it hero forms a comparativniy large and distinctive vacuule- 
like feature ; while a similiir clear ^pjce, usually more or loss round, 
exists in the central region — the isthmus above referred to — and iU 
immediate surroui 



Under a good J-inch ohj., and by focnsaing exactly above the 
endochrome, and just below the cell-wall. In a living and vigorous 
specimen, a number of small, but variously-sized, clear-looking globules 
may bo watched moving, usually with a more or less jerky motion to Knd 
fro between the clear space in the centre and the clear polar 
regions. The clear space at the polos usually contains a cousid«r- 
able number of those gi'anules, and tliese are always In a verj 
active free-moving state, owing, appirently, to the Increiue of 
space discovered here, after their obviously partially retarded move- 
ments over the surface of the endoclirume. At the equatorial 
clear space the number of gratmlos is never so large, nuither ue 
their movements ever so active as at the ends. Many granules, sfter 
journeying to this region, seemingly strike thcinselve.^ against some jMtt 
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CHAPTER II. 



THE CELL AS AN INDIVIDUAL 



III ToniLi, an we have already seen, a singFe histolop;ically simple cell 
may perform all tiiosc pliysiologiciii functions that are necessary for the 
miiiiiienance of life ; ami that nmler certain favourable extenial con- 
flitions (prudence of warmth, moisture, suitable foo«l, and oxygenated 
air) I he cell will also grow, and in time increase itself by a process of 
budding. 

It was shown ihac the natural food out of which the protophipm of 
the light-shunning yeast plant was ab'c to construct new ])rotoplasmic 
material was sweet juices, the nutrient constituents of which hid been 
elaborated througli the vital actions of other plants, and that, therefore, 
being itsfilf unable to manufacture such leruary organic compoumis tis 
«uuar or starch, it is hence wlnjlly ilepeudcnt upon the energy of pro- 
existing life for the greater bulk of its foo I supplies. 

In unicellular plants, having the power of producing chloro]>hyll, we 
have intlividuals dilFcring, physiologically, very wi<lely inde d from the 
t«)nila type. These green cells liave the power of producing, through 
agencies at work within their own cell wall.<, the ternary compounds, so 
esrtenti d for the construction of protoplasm, Jind the raw materials out 
of which such compounds are manufactured arc water (II2O) and 
carlnmic acid gas (CO2). Provi.lcd, then, with such simple substances 
in an available condition, and enjoying a suitable warmlh togither with 
a proper amount of li'^ht, such cells are able to **a-Himilate " witliin 
their chlorophyll bodies either staixdi or some other material chemically 
allied to that organic compound. Cells such as these, therefore, may 
be looked upon as Nature's laboratories, wherein inorganic molecules are 
transformed into opjanic through the comKined actions of many converge 
in;; energies focussed withni the chlorophyll-bearing c<»rpusclcs ; while, 
also, such green cells may be looked upon as piune rs of life, elal)orating 
not only necessary material for the use of their own proto[)lasm, but 
making life — fungal and parasitical existence generally as well as animal 
— really possible. 

The organism selected to represent the individual life of a green cell ia 
the tlesmid Micrasttn'ias dputicuht/a. It is a not uncommon plant, and 
may ])e often found in boggy pools, or in the shallow water ditches of a 
marsh. The specimens figured and distributed herewith were gathered' 
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appearance. In seasons of less vegetative activity these denticiilations 
may make their appearance, however, before the off-iiioot ha<< arrived at 
even half the size it will eventually attain, anl most of the multiplying 
indivithials observed in the present gathering were following this latter 
mode of new half-cell increase. 

All the individuals referable to the class to which Micrast<'rins belongs 
(the DssMiDiiE) are inhabitants of fre^%h water and are characterised 
(among otber points) by the separation of the chlorophvll-bearing 
protoplasm into two portions wiiiiin the same cell. In some, 
division of cell simply take<^ place by construction or formation 
of a cell-wall along the m>'dian plane of colourle^ protopli^m, 
while each new ccdl so formed grows independently, and attains 
in time the size and appearance of the original or mother cell. In 
many case.-^ the cell wall, surface grows equally, as may he oiiserved in 
Closterinm — a desmitl found in our present gathering, and as no pains 
were taken to exclude it, it will, in the majority of cises, upi>ear in the 
same **niount'' along with its near relation the Micnisterias. In the 
various species of Stanra^truw^ on the other band, wo have forms whose 
cell wall surfaces grow unequally as in Micrasterias, producing some 
of the most beautiful and varied forms of culls to bo met with in tho 
wh'do vegetable kingdom. Outside the de.«mid's own chiss we have of 
course; many unicellular green plants, some like Chlafnt/fltcncrm*, whose 
cell-wall surface, growing equally all round, pro<luce a more or le-^s globu- 
lar cell, while others like some s|»ecies of Ptjlf/ndriuni produce more or h'ss 
star-shaped cells through un^qu d growth of the surface of the 
wall ; while in yet other cases we have as in C*ff?it>' 
Inm^ an elongated, club-shap<d cell, the endochrome bi-ing 
confined to the upper and wider portions of the cavity, while th»* free 
end of the lower ehmgated hyaline ])ortion is actually attached to some 
support, thus foreshadowing the development of roots as hold-fast organs 
in the higher plants. 

In some of the Desmi liese {Didymapn'nm and Sph(ernzo>>ma, for 
example) after <livision of cell has taken place, and even after the 
daughter cells have aitained their full development, instead of these 
newly-fornietl cells 8ei)arilii'g from one another, they remain, coberin;: in 
the midst of a rather co])ious su|)ply of gelatinous cell-wall mat^Mial, tlio 
rod-like colony so forineil having an apj)earance strongly resembling a 
multicellular individual. In the same wati-r as Micmsterias, a f«»w 
similarly-formed colonies of a specie-* of S'y'np.(li'.<inU'< were »)b'ierve 1. Tiie<e 
algae are smdl, ovalshajHMl organisms, living by association in rows, 
the two end-cells being eich seemingly provided with a pair of slender, 
or spine-like bonis. 

In Pf^dioftfnim we have still another example of a similar mo.U» of life. 
Here the cells form a four-, eii^ht-, sixteen-, or tliirty-two-celle'l, flat, 
disciform colony, the outer boundary cell-wall surfiice^ of the nnrginiU 
cells gn)wing unequdly nrsult in the formation <»f two incurved horns !•> 
each cell ; while in Goninin, Pamhtrlnn^ anil th(j well-known VcUoftx^ w« 
have this as^ociaiion-ship of unicellular f«>nn8 carried to the very higliusl 
state of morphologiad dovelopnit-nt. 
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THE MORPHOLOGY OF TISSUES. 



Introductory. 



If portion of the thin layer of dark green slime 80 commonly seen 
covering? the sides and bottom of muddy roadside gutters be carefully 
gathered, and examined under a suitable power, it will be discovered, in 
all probability, to consist entirely, or almost entirely, of exceedingly fine, 
yet 1 i^id, short, wavy threads ; each separate filament presenting a slender 
row of disc-like cells, resulting from the formation of frequent transverse 
partition walls of extreme tenuity. In presence of a sufficiency of 
moisture the filaments display peculiar oscillatory movements, hence their 
^'eneric luxme OiiciUatoria, Like many of the Desmide® these oi-ganisms 
may occasionally surround themselves with a rather copious jelly, and 
form, in suitiible habitats, lumps, or balls of greenish slime. 

Oscillatoria differs structurally from Didi/nioprium and other Desmids 
that form rod or threail like colonies in this important respect ; in the 
latter, as we have before seen, the cells, or structural elements of the 
filaments, are f^eparate individuals, and in no way organically united, 
whoreas in the former the cells are not only physically, but biologically 
connected, and the stock of available nutriment contained in the cell-sap 
of any cell is, as it were, the common property of all the cells in the 
same filament, and may be used for purposes of growth by protoplasm 
lfx;ated in any \m,Tt of the multi-cellular individual. 

The jiasfage of nutritive liquids, from cell to cell, in many-celletl 
plants, has hitherto been explained by a reference to the well-known 
physical process of osmosis ; but from the important results of recent 
researches by Gardiner,^ it now seems highly probable that the working 
protoplasm contained within every living cell throughout the entire 
individual, even in the highest plants, may be looked upon, in reality, as 
one maf^s, as every cell-contained moiety of living substance would 
appear to }>e in direct union, one with another, by means of ver}' 
nlender threads of protoplasm, which pass through holes 
of a corresi)onding fineness, left in the walls of the tissue cell/*. From 
the highly j^uggestive results of this research, it would, therefore, most 
certainly seem that tlie dissemination of nutriment from one living cell 
iu another takes place, not by the ofieration of a mere physical process 
of diffusion through a thin membrane, but rather by a vital process of 
uninterrupted transmission. 

Other common types of similar, but larger, filamentous forms may ha 
studied in Memcarpus^ SptrrM/t/ra, or Zyfjn^na ; algae of extensive dis- 
tribution in quiet, fresh-water jjooIs throughout the kingdom. Hpirogyra 

iQuAft JooTD. Micr. Sd., Oct., 1882 ; Boy. Soc Pfoc, Nov, lltk, 1882; Quart 
Jonm. Micr. Sei, April, 1883 ; VUtX. 8<k'. Kroc., Afiril 20tb. 1888. 
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with its characteristic spiral arrangement of chlorophyll hands ia, of the 
three, perhaps the best known ; an 1, as it is admirably adapteil for 
observation it may be briefly referred to here. 

As seen during its early growth from the mud-buried spore in the spring 
time, an«l at a time when the young Spirngyra consists of a row of 
merely a few cells, there is a manifest functional distinction between the 
two end cells; one (the basal) is evidently concerned in holding the 
the germinating thread to the spore which is safely fixed in the mud ; 
while the other (the apical) is free and specially active, adding new cells 
to the young individual by repeated bipartitious, and, therefore, function- 
ally differentiated to carry on the vegetative growth of the organism. As 
the plant grows this differentiation is, however, overcome, as, living in 
waters where there is no possible risk of suffering harmful transportition, 
and hence deriving no benefit from being permanently fixed, the basal end 
soon loses its early special function ; while, at the same time, each cell- 
presumedly along the entire length of the filament — becomes empowererl 
to exercise self-multiplication by transverse division of contents. 

This binary sub-division of cell takes place rapidly ami during the 
night. The different stages may be clearly studied by suddenly arresting 
the life of the active protoplasm, which may be easily effected by 
immersing (sometime after midnight), a wisp of vigorous specimens in a 
phial of absolute alcohol which will not only kill the plants, but 
fix, without contraction, their protoplasmic cell contents, or the different 
stages of new cell-wall formation may be well seen by causing 
the protoplasmic contents to suddenly contract, by placing the specimens 
in dilute alcohol, or solution of sugar. The growth of the new partition 
wall takes place gradually, and is, seemingly, initiated by a centralization 
of vitality, quickly resulting in the formation of a median peripheral 
ring of rather dense protoplasm, in which arises the collar of cellulose 
cell-wall material. This process of special growth continuing, the 
cell is ultimately sub-divided, while each twin cell, starting an in- 
dividual development, increases in length, and ultimately reaches the 
approximate size of the original or mother cell. 

In the genus Conferral represented by the green " Silk-weeds" of our 
coasts, we have multicellular plants structurally resembling the Spirogyra 
so far as the arrangement of the cells in a single row is concerned ; 
but here — the plants living in constantly agitated waters, — the basal cell 
exercises its function as a hold-fast organ, during the whole period of 
growth, while in the majority of cases, perhaps, the apical cell alone is 
concerned in the function of vegetative increase. 

As types of structure somewhat in jidvance of conferva, any species 
of the genus Cladophora may be very conveniently examined. Clado- 
phora ruprestris is marine, its shrubby tufts of dark green filaments 
being attached to rocks over the entire breadth of the coasted tide- 
run ; while Cladophora glomcrata is a very common fresh- water species 
growing from stones or other objects in almost every clear stream or 
rock-girt spring. 

In this genus, the threads, instead of being simply a single file of 
cells, have spread themselves laterally by the formation of branches. 
The primary branches arise in each case from the principal row or axis,' 
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bj the concentration of individual cell activity beneath a certain 
spot in the cell wall. Towards this spot the nutritive sap is 
specially directed, and the protoplasm here being over-fed, as it 
were, increases unequally in bulk to the rest of the contents, resulting at 
length in the growth of an off-shoot, which becomes in time slmt ofi 
from the main cell by the gradual formation of a cell wall very much 
after the manner described in Spirogyra. Although the cells in Clado- 
phora are filled with nucleated protoplasm, yet it seems that — unlike 
what takes place in the vast majority of cases in the higher plants — the 
nuclei are in no way concerned in the process of cell division. The 
newly-formed lateral cell so produced will however increase in size, 
and may ultimately sub-divide, forming in time a multicellular branch of 
limited growth. 

In Penicillium glmicum the common greenish-grey mould that covers 
damp bread, old boots, and moist organic substances generally, we have an 
organism structurally resembling in most points the Cladophora type, 
although differing from it physiologically very widely indeed. Living a 
saprophytic life, it feeds like Torula upon already formed constructive 
material, and hence its cell contents are devoid of chlorophyll ; while 
the filaments creep along or pierce below, the surface of the supporting 
mass, only throwing up free aerial branches for the production of spores. 
The hyphsB branch dichotomously, and, as the branches of neighbouring 
individuals closely interlace a rather dense, somewhat papery mycelium 
is the result. 

In Mushrooms (Agancus) Pezizci and other similar fungi we have 
examples of how such well-defined structures may be built up 
out of a vast number of interlacing hyphae, weaving themselves together 
after a definite plan, but still the ultimate product of a single spore. 
For example, when the mushroom spore germinates it forms a branching 
underground mycelium, which, in process of time, throws up — not 
solitarv unbranched threads as in Penicillium — but numbers of erect, 
aiirial freely branching, interlacing filaments for the production of its 
spores, the mature sporocarp being made up of the well-known, definitely- 
formed structures — the stipes, pileus, and so forth. 

In the stipes of the agaric, the hyphae — as may be seen in the longi- 
tudinal section of that organ — run vertically and parallel with one 
another and so produce an elongated stem, upon the top of which is borne 
the structure (pileiis) carrying the inferior, plate-like, closely-set, 
radiating, spore-producing organs, the lamellce. A section of the pileus, 
as given in the accompanybig preparation, displays the hyphsB running in 
all directions and freely interlacing, forming the broad, thick, more or 
less spongy, cap-like mycelium — but a tissue withal that is built up of 
Him pie hyphsB resembling that of Penicillium. 

The thallus of a Lichen is structurally composed of similar interlacing 
fungal hyphae, growing, not in genetic connection, but parasitically 
upon unicellular or multicellular algsa, which form a green or *'gonidial '' 
layer, completely surrounded by the insinuating threads of the domi- 
neering fungus. Physiologically, these fungi poesess an immense advan- 
tage, as they have their hosts, or food producen^ ^ ^^ control, 
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and are hence able to live under conditions, and affect habitats, totally 
unsuited to the wants of any of the other members of this food dependent 
group. 

In Cladophora (to return to that type), cell multiplication takes place 
in apical cellsi. In the main filament or axis, growth may be described 
as being practically unlimited, while the frequency of bipartition is often 
very limited indeed, in the apical cells of the lateral branches. 

Chora and Nitella, slender-stemmed alga-looking gregarious plants, 
with whorled leaves, found submerged in many fresh water pools and 
streams, grow as Cladaphora does, by terminal and lateral apical cells, 
and they illustrate, in a marked manner, the apparent comparative com- 
plexity of structure, arising from a difference in the subsequent indi- 
vidual course of growth of the successive new cells, cut off from the 
active apical one. 

But before the leaf-bearing structure, which ultimately carries the re- 
productive organs, arises, a distinctly algal like body — the pro-emhryo 
is produced. This is an unbranched oscillatoria-or conferva-like thread, 
with limited apical growth, which grows directly from the spore, and 
from some special cell of which, somewhere behind the apical one, an 
erect off-shoot cell arises, which ultimately develops into the ordinary 
leafy-stemmed individual. 

Every fresh cell arising from the bipartition of the apical follows one 
of two lines of development ; it will either lengthen itself in the ordinary 
or conferva-like fashion producing a cell often of considerable length ; 
or it will remain short, and, retaining the primitive function of self- 
division, will proceed to break itself up into a ring of sub-cells by the 
formation of numerous vertical septa. This plate of small cells is known 
as a node, and as the new cells formed from the apical cell follow the one 
mode or the other alternately, nodes in the stem are always sepanited by 
the long one-celled internodes. The nodal cells then throw out offshoots 
which, like the branches of C/adophora not only in their origin but in 
the limited growth of their apical cell produce the nodal whorl of leaves 
so characteristic of the Characpw. 

In FunfiriUy or other leaf-bearin|^' Moss, the spore so far resembles a 
uni-cellular alga, as to consist of a single mass of walled protoplasm, con- 
taining oil, f;rains of starch, and chlorophyll. When this spore germi- 
nates, it forms a dark-green, branching, uni-cellular, clmlophora-Iike 
structure, known as the protorunna^ which may in its growth, cover a 
comparatively large surface, while, at the same time, possessing the power 
of assimilation, it may have a somewhat extended period oif existence. 

Each filament of the protonema increases in lengtii by bipartition of 
an apical cell, the newly-fomied tnmsvei-se walls being always oblique, 
an important character in the vegetative development of the moea plant 
From one or more of the cells a vigorous lateral filament may vertically 
arise, the apical cell of which dividing very rapidly and with oblique septa, 
throws back short cells, cut off in such a spiral manner, that they must 
of necessity intercross in their growth, and hence a structure of many-cell 
tliickness may be formed, resulting in the formation of a stem which, so 
far as it alone is concerned, may therefore be looked upon as a highly de- 
veloped or specialised filamentous alga. 
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The forked Scale-Mosa ( MelzyRria /areata) a gregarious plant very 
common on stones, rockt>, and treex, presents nnother and differetit type of 
stniclure, being composed of n flat surfiico of clilorophyll-bearing cells, 
formings thin, merabnmous, and, «s the name implies, forked thallua. 
Tarring, in size, from a half to three-quarters of an inch in length. Tliia 
tbailus L3 only one cell deep, exuepting along liaesor bands carried back- 
mrds from the forks — the midribs — where the cells are several in depth. 
Along the anterior margin of the thallus, and lying within the depression 
fff each of the younger forks, is an autive, apical cell, where all new growth, 
by c«ll-mulliplicRtion, is initiated. Earlier, that is just after germination 
from the spore, growth was carried on by means of a single, apical cell, 
bat, as the thatlus increased in size, similar cells at different points, right 
Dnd left, eventtially arose, and aided in the production of the bifurcating 
■tnictare, so characteristic of the mature individual. 

When viewed from either the upper or lower surface, the apical cell has 
tlie form of an isosceles triangle, the base of which is curved and directed 
Ibrward, and hence always free or exposed. New cells are produced first on 
one side and then on the other by the formation of oblique walls, alternately 
parallel with opposite sides of the flat, triangular mother-cell. The 
daught«>cells so thrown olT form on each side, therefore, a plate com- 
, neries of diverging cells, the inner, end walls of which form a 
ag-ug median line carried back from the growing point. The cells so 
produced still retain the power to divide, and they enter at once upon 
I rather vigorous period of growth. Each daughter-cell is first of all 
4tTided by the appearance of an obliquely transverse wall, forming a 
poaterior (smaller) and anterior (larger) cell, the subsequent growth of 
*hioh respectively is carried out along very different developmental 

Tba posterior cells — alt of which are lying, of couree, on one side oi the 
jier of the before mentioned cig-zag line — iucrenao by the formation of 
Avinonsl walls, produced in two directions. The first formed cell wall 
in each of these cells, cuts the cell in a plane, parallel with the surface of 
Che tfaallua, thus producing two superimposed cells, and as all subsequent 
Uputitions are made either parallel with or at right angles to the surface 
o( the thallus, a kind of tissue — the midrib — of several cells in thickness 
ii the nttimate struatural result. 

The anterior cell divides only by vertical walls, and as the cells grow 
>pd);, and also as cell multiplication is rather frequent, a flat, luxuriant 
■nu <rf one cell deep is formed on each side, and these, spreading them- 
to the right and to the left, around and beyond the growing apical 

Q, produce in time the charac [eristic thalloid forks of our type. 

tn the common horse-tails or Eiptiteliim, the individual passes through 
V distinct life periods or generations — one a simple, vegetative Btractura, 
)ws from the spore, producing early, in point of time, the 
itiM organs of sexual reproduction, and the other a sporo-beoring 
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structure, formed of variously differentiated tissues, the result of a more 
specialised, vegetative growth from the fertilised oosphere. 

The unicellular spore is a walled mass of nucleated protoplasm, and 
contains, like the spores of Fanaria, distinct grains of chlorophyll. 
When the spore escapes from the sporangium of the parent, and falls 
upon damp earth, it almost immediately germinates. Owing to a one- 
end growth or elongation, the spore first of all assumes a pear-shape form, 
and then divides, forming two cells of unequal size. The smaller is the 
narrower, and its contents are colourless and non-granular. It speedily 
lengthens, forming a comparatively long ix)ot-hair. The lai^er does not 
lengthen hut divides, the division walls being formed parallel with the 
axis of strongest growth forming two cells lying side by side. 
These colls containing chorophyll, and hence possessing the power 
of assimilation are self-supporting; they enlarge, and division soon takes 
place again, but this time in a direction at right angles to the first, and, 
as growth continues, so the cells divide, forming in time a flat plate of 
cellular tissue — the simple prothallus, or individual, representing the 
sexual generation of the horse-tail. In this stage the structure of the 
vegetative body of the equisetum advances no further than that found in 
the simplest of the scale-mosses, and, it is not until the subsequent growth 
and development of the generation that arises from the fertilised germ 
cell contained within the archegonium produced upon the under surface 
of the prothallus, that the different systems of tissues are formed 
that are so characterisiic of this latter stage in the life history of 
the plant. 

In this latter, morphologically higher structure, apical growth is carried 
on through the activity of a single cell. This cell has the form of a 
triangular pyramid, having its curved, three-sideii base lying in front, and, 
therefore, free or exposed. A new cell is cut off in regular, intermittent 
succession by the formation of a wall parallel in turn with each 
of the three sides of this apical mother cell, and as each succeeding 
new cell after its appearance lies at a slightly higher level than 
its just pi-eviously formed fellow — owing to the interim growth of the 
apical cell — the primary daughter cells traced backward from the growing 
point, form one-third segments of a descending solid spiral. With the 
subsequent mode of growth of these colls we are not at present concerned, 
but the ultimate result of their further division, and clearly markeil 
differentiation may be learned by an examination of a transverse section 
made through any part of the stem a little distance behind the growing 
point ^. 

The prothallus of a Fern has been selected in illustration of a tissue 
formed merely of a plate of cells, and the genus PterU^ in an early stage 
of growth, has been made the subject of the accompanying drawing. 

iStudiea in Microscopical Scibncb, Vol. I. ; see article— The Field Horee-Tail, 
page 127, and Preparation and Plate of T.S. of Stem. 
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Taking the particular individual here representedi, there is, as may be 
seen, an uniserial thread of three cells length, as the first-formed product 
of the germination of the still persistent spore. The rudimentary pro- 
thallus grew, so far, at all events, by the formation of transverse walls 
alone, and, therefore, at this stage, it exactly resembled in its mode of 
vegetative increase a filamentous alga, and the protonema condition in 
the life history of a moss. Indeed, in one species of Hymenophyllum 
(the filmy ferns) a cladophora-like protonema is produced from the spore, 
upon which prothalli subsequently appear as o£Eshoots, exactly as the 
homologous, sexual generation of a moss plant is similarly produced as 
lateral buds from the moss protonema. 

As the development of the prothallus advanced a partition wall arose 
in the terminal cell of the row, having a direction at right angles to that 
of the previously formed transverse walls, producing the two 
cells that are seen lying side by side immediately beyond 
the first formed series of three cells. Growth continuing, and 
cell-multiplication taking place by repeated transverse and longitudinal 
bipartitions ; a broad surface of cells such as is here shown is the ultimate 
structural result. Imbedded in the protoplasm are well-formed grains of 
chlorophyll, and by the iodine test the presence of already assimilated 
starch may, in fresh specimens, bo also easily discovered in the cell?. 
Long, unicellular, root hairs are produced from certain cells as the result 
of an unequal growth of the walls. These are functionally concerned in 
the in-taking of water and soluble earth salts. The rudiments of sexual 
organs are also shown in the drawing. 

As in Eqnisetumy so we find in ferns that the complicated histological 
structure2 that eventually grows up from one of the fertilised oogonia of 
the simple prothallus, is produced through the activity of a single apical 
cell, the segments thrown back becoming gradually modified to subserve 
the functional requirements of a highly-developed organism. 



EXPLANATION OF PLATE V. 

L Filaments of OseiiUUcria, 

II. Portion of filament of Spirogyra. 

III. Cell of Spirogyra, in the act of division after contraction of the cell-contonti> 
by the addition of the solution of sugar ; the portion of the cell-wall, 
already formed, being thus made visible (Thom£). 

lY. Portion of branching filament of Cladophora, 

V. Portion of filament of Cladophora, showing process of cell-division (Car pen- 
txe). 



lAs the accompanying preparations cannot possibly be all alike, a typical indi- 
vidoal — the one sketched — has been selected and described. 

sStvdibs in Microscopical Science. Vol. I. See Art— Bracken Fern, p. 75, 
and PreparmtioD and Plate of T.S. of Bachis. 
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VI. PemciUium, (a) Spore just commencing to genninate. (d) Same further advan- 
ced, (e) Portion of mature hypha. 

YII. Interlacing fangot hypha; 

VIII. Portion of underground hyphee of Agarieua, with young sporocarps (Sachs). 

IX. Portion of lichen thallns, showing gonidia surrounded by fungal hyphss. 

X. Chara, showing growth of pro-embryo from spore (Sachs). 

XI. Growing point of Mass ( Funaria), (Sachs). 

XII. Sporeaofifoss germinating (Sachs). 

XIIL Protonema of Moss, (aj Main filament, (bj Branch of protonema. (e) 
Young bud. ((2) Rootlet (Sachs). 

XIV. Growing point of C%or0 (Sachs). 

XV« Spores of Equiaeium germinating, (a) Commencement oi germination, b) 
Later stage (Sachs). 



PRIMARY TISSUE. 



_n Ihe Vwcnlar Cryptogams as repn9«nt«d by the geniu I _ 
ft sinRle apical cell by its growth and eontinaoo* bipaitttkn ^th ri 
& moss of primary tiuue composad of a namber of active <1mi^U«t o 
that are tlie direct progenitois of all the rartouslj modified, hutolog' 
elements of the (liferent tiosne ayslems of tbe mature iodindital. Al 
iimilar tissue, having the power of Belf-division and capable of sab-^ 
sequent development, exisU at the apex of the stem and root in plants of 4 
a higher order — the PhanerogsniB. Except, however, in a few extreme^ j 
rare cases,' the primary tissue does not arise in these flowering plants f 
tbe activity of » single apical cell, but from Eeveral cells (not nnfreqoei 
ly four), all the cellB of tha group being of equal histological value. Tl 
possibility indeed of the existence of a solitury apical cell is, it would 
seem, entirely prevented by the characteristic mode of cell division that 
takes place during the early embryologicnl development of these plants. 

The oosphere or germ mass in the Phanerogams is contained within 
the embryo sac — an extraordinarily developed sub-epidcrnial cell of a 
special structure, the ovule. After fertilisation ts ejected, the ooBphere 
clothes itself with a cell wall of cellidose, gets somewhat elongated, and 
becomes attached, by one end, to the inner wall of the enclosing vesicle. 
The impregnated oosphere then divides, by a croas-partilion wall, into an 
upper (attached) and lower (free) cell. The upper cell then next 
divides by the formation of a transverse septum, and, growth continuing, 
this simple mode of cell increase may be repeated several or many tiroes, 
producing, at length, either a short or lon-r conferva-like thread known 
as the mispenmr. Wlien the lower or embryo cell divides, it does so, 
first of all, hy the formation of a median longitudinal wall, hence tho 
two resulting daughter cells are of tho same size, and lie, not end to end 
(as in the snspensor), but side by side, and as they both retain the 
power of self -multi plication and, also, ns tha direction of tha 
next division wall is at right angles to the last, a x'^bular 
mass of four cells is soon found at the end of the suxpenior. 
Each of these cells will again divide, and form an enlarged 
sphere of eight cells and so on; but it is just somewhere ohoot thU 
■tage in the derelopraeni of the embryo that the firrt differimtiatii/n of 
tissue manifests itselt Owing to Ungenlial segmentation, an ouUr larw 
of cells is cut ofl'—the dermatogfn or rudimentary epiilennia At ihta 
aUge, therefore, we have a cluster of cells touched abovs by th« ««,! c*)l 
ol ihe suspensor, and bounded on all other ■!<!(>« by th«M rimn>llr 
developed celb of the dermalogen. TtU eml cell of lt>« ^jwa** tUi 
IB m contact with the daughter cella of tbe Mnbryocfll, i* ri«I/rt»»*I with 
a potential of growth and deTelopmeiit anp0M«M«d by tbi> 'A\,fj fc»|U t4 

I Kttodutni fiUattru, i 

inthMitj o( Din^ tin j ^ _ 
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the 8Usi)ensor. Tliis cell is known as tlie h;ipopkym, and is ultimately 
destined to take a greater or less share in the formation of the embryo. 
Whon, ill due course, activity seta in, the first formed cell wall lies 
transversely to the longer axis of the suspensor, and it is the 
lower of the two cells thus formed that gives rise in 
a great many ea^es to the primary tissue of the embryonic 
root. Just as iu the case of the embryo cell so in this the lower cell of 
the hypophysis, the first formed septum arises in a. median longitudinal 
direction forming two twin ceUs lying side by side; and this division by 
longitudinal walls may continue until a number of calls are formed, after 
which, by the formation of transverse or tangential walla, a layer of outer 
cells arise, which are continuous with the similar but previously form«^d 
dermatogen colls of the rest of the rudimentary plantlet. 

RspBBENCE TO Plate 7, 

LongitudiDcil section through the apex of the Root of Miiize (after Sachs). 

0. group of apical cells. 

b. calyptrogen. 

e. dermatogen. 

d. peribleni. 

e. cortex. 
/. ,,,iJ.mi.. 
g. cuticle. 
A. I. h. plerome. 

h. cells that will develop into zylem or wood. 

i. row of cells that will produce a vea 

It. pith. 
i younger layers of root-cap. 
m. older layers of root-cap. 

It is in this way, therefore, that the developing embryo becomea 
possessed of two apical growing regions that tend to lengthen tfae plant 
in two opposite directions ; and where growth, instead of being carried 
on by single apical cells, takes place in each case amid a. group of colli 
that arose as we have just seen as the result of longitudinal, instead of 
transverse, septa, taking place in each of the two primary cells of tli« 
future stem and root. 

As cell multiplication goes on, and development advances, a further 
diOerentiation of tissue soon takes place in the now slowly lengthening 
organism. The mujority of cells pushed back or left behind by the 
active apical cells, enter upon a special course of individual development, 
and consequently lose all power of self-multiplication ; some for example 
are destined to become fibrous, others to become fused together in rows 

NOTE.— Iu tbe piste, ooe half of the Section u ilmwn, m it appa>r% nsilar 
DorcDal FoiiJitiona ; iu tho other half, th« Section has biwa latgected Ut thaacUox of 

Soluh which has disaolvtd out the protoplum, aod left tlia cell-vdii g' ' 
eSneiL 
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forming tubea, while the cells in anotlier re^jiou may suffer Utile or verj I 
little change in form, becoming simply inactive through loss of prolO'J 

A central masa oC tissue may be early distinguished, as being tbA 
primary tissue out of whicb the future pith and fibro-VHSCular systema 
will arise. It is knowu a^ the plerome. Surrounding this, ami boundeJ 
externally by the derinatogeu or rudimentary epidermis is the periblem, 
or primary tisane of the cortex. As the radicular end of the embryonic 
axis grows, at first, much more rapidly thaa the plumule or stem end, 
tbe radicle, in most embryos is much more conspicuous than the plumule, 
whose longitudinal growtli is usually delayed by tbe production of lateral 
ontgrowtliB, or rudiments of future foliage leaves. The radicle is, 
therefore, a more convenient subject than the plumule, for studying the 
histology of the growing point, and it is tbe growing point of the root of 
» germinating embryo of Maize, that lias been selected to typically 
illustrate tbe primary tissue of Phanerogams. 

Wliile tbe region of apical grovrth in the stem is protected by tha 
rudimentary leaves of the bud, the growing point of the root (which pro- 
duces no lateral parts, at all homologous with leaves), is furnislied with a 
special protective development, the root-sheath or root-cap. This, in 
the Maize, is derived (according to Jauczuwski), from a special region of 
active or meiistem cells lying in front of the growing poin I', and to which 
he lias given tbe name of cttiyptrogen. The new cells cut olF by this 
vigrous layer, &re gradually pushed outwards, adding layer after layer 
to the depth of the "cap," until a structure of considerable thickness is 
formed. As the cells become further and further removed from tbe 
layer of primary mother cells they gradually lose their contained proto- 
plasm, and eventually die ; hence an inner part where tbe cells are filled 
with protoplasm and closely arranged ; and another region where the 
cells are empty and rather loosely placed may be easily distinguished in 
the section. The celts of this latter region are being continually rubbed 
off by friction against the particles of earth in the soil, in which tbe roots 
of tbe plant are growing. 

Lying behind tbe group of apical cells and takiag up a central posi- 
tion in the section, we have the plerome, In this, longitudinal rows of 
short but brood cells completely tilled with granular protoplasm, and 
each exhibiting a very large globular nucleus may bo clearly seen, under 
even a l-inub obj, power. Associated with these are narrower, but 
longer, or at least as long, cells, also filled with granular, nucleated pro- 
toplasm. Some of these will develop into fibres or wood cell a ; while 
others will contribute to the formation of a pitli. 

The periblem lying around the tip of the plerome (on each side 
of it in the sBction) is also made up of amnll cells completely 
tilled with granular nucleated protoplasm, but if this be traced 
backwards into tbe cortex (which as has been already said, 
is produced from it) the individual life bislory of ei ' 
may bo very clearly traced. As tbe cells get older, they euIai^J 
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Hnd vacuoles or water cavities soon make their appearance in the midst of 

the protoplasm. FurtLerback, representing still older cell?, tlie vacuoles 
have become much bigger, and the nucleus may bo generally seen lying 
in the centre, or almost in the centre of the cell, with striogs or bands 
of protoplasm connecting it wilh the peripheml protoplasm or the proto- 
plasm closely adhering to the inner side of the wall of the cell. In yet 
older parte of this tissue thu various vacuoles in each cell have coalesced 
to form one large sap cavity, the nucleus being driven lo one side and 
forced to embed itself in the peripheral protoplasm. 

The dermatogen, it seems, is derived from the same meristeraatic layer 
as the periblem : continued backwards, it forms the epidemuB, the outer 
or exposed walls of which become somewhat thickened and eventually 
coalesce to form a continuous, specially protective layer — the cuticle. 

In different plants, or groups of plants, there are widely varying; 
differences in the histological structure of the apical meristem region of 
the root. The most recent contribution to the comparative structure of 
growing points is comprised in the comprehensive researches of 
Janozbwski. These have been summarised by Dr. Vines, from whoM 
abstract we extract the following notes : — 

Type 1. The meristem consists of four distinct layers, Plerome, 
Periblem, Dermatogen, and Calyptrogen ; Eiampie, 
Hydrocharis Horsus Eanie. 

Type 2. A distinct Plemnie and Calyptrogen ; the Periblem and 
Dermatogen have common initial-cells; Kratiiple«, Many 
Monocotyledons (Maize, &c.) 

Type 3. A distinct Plerome ; the Calyptrogen, Periblem, and Der- 
matogen have common initial cells ; Eeampltv, Many 
Monocotyledons (Lilies, &c.) 

Type 4. A distinct Flerome and Periblem ; the Dermatogen and 
Calyptrogen have common initial cells : £xtnnp/eit, Most 
Dicotyledons. 

Type 5. A group of initial cells common to all four layers; Examples, 
Some Dicotyledons (Cucurbita, Ac) 

Type 6. A distinct Plerome and Periblem only ; hence there is no 
true epidermis or root-cap, these being formed simply 
by the outer layer of the Periblem (cortex) ; Keanij>Ui, 
The Gymnospenns (pines, &c.) 

Concerning, tharetovc, the apical growth of the roots of Poanebooams, 
the difierent modes may be thus generally summarised. In Gtmkospidiis 
there is neither a true rootcap nor Epidermis, these bein); simply fornied 
by the onter layer of the periblem. In the two great divisions of 
ANiaosPEnMs a true rootcap and epidennia are both present. In 
Monorolyltdi/M there is no genetic connection between the Epidermis 
and the rootcap, this latter stnicture being derived from a distinct layer 
— the calyptrogen ; while in DicotyhrJont there is no such special histogwi, 
the rootcap being derived from the dermatogen, and, thereton 
connection with the epidermis. 



EPIDERMAL TISSUE. 

In all tlie liigher or vasculur plants, we meet with a more or less well- 
developed, aD(], genetically distinct outer or boundnry tiB.sue-sjRteni — the 
J^tdomtM, trhich, in its earlier stages at all events, conBists of a single 
l^rof flattisl J, closely-fitting cells, usually sharply differentiated from 
tiw underlying tissues. Certain celld of the epidermis mny develop into 
guard cells of stomiitcB, the portals of an intercellular aiirial system; while 
dlluTS may pwduce hairs of various fonns and functions. 
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forms of vegetable lite, as included in the sub- 
there is no absolutely strict morphological dis- 
the general mass uf body tissue and its sometimes 
t^^jMuently distinct, inventing, protective layer. Even in such indiyiduala 
iu LamiHaria nniong the Bea-wceds, and Puff-balls among the Fungi, the 
dmse and clearly seen boundary layer of the one, and the easily separable 
bonndary layer of the other, are formed of celts genetically equivalent to 
Uioee of the rest of liio thnllus, but physically and functionally modified 
to nibserve the special requirements of their respective growths. 

Ab we ascend, however, into the nest sub-kingdom — the MuaoiNBX, 
V0 discover a number of forms, each pres<>nting a truly distinct epider- 
muL In Metxgrria, referred to on page 21, we have a simple member of 
this small, hut highly interesting group: but the thallus of Met£geria 
bnng — with the exception of the " mid-ribs " — merely one cell deep, a 
boundary layer of any kind is, of course, entirely absent. In Antko<-erot 
(Horn-liverwort), allbougfa the lobed thallus is formed of several layers 
ol cells, yet the upper or exposed layer presents no differentiation what- 
tfer from the layers upon which it rests — in other words there is no real 
^dermis ; while in Riccia (Crystal worts), on the other hand, a clearly- 
defined epidermis, but without stomntee, is alirays present u])on the upper 
■feifiice of their ftut, often deeply 'forked, thalloid stems. In the Mar- 
^taatiece (MarchanliB, Lunularia, Fegalella, &c.) the thallus not only 
presents upon its upper surface a very distinct epidermis, but an epi- 
dermis provided with stomatse, the guani cells of which, in many cases, 
being more than usually complex, owing to the repeated bipartition of 
the original mother coll of the stoma-bounding group. 

In the true Mosses (Mutci) — but excepting the Sphagnume- 
Irafjr plant of the lirst or sexual generation has, as a rule, no properlj J 
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rliffeientiated eiiidermis, the outer or boundary layer, or luyere, of 
ceLs (in the stem) being merely smaller, thicker-w ailed, anil more 
doscly ]»ick«d than the inner or axial cell°. It is not until tlie moss 
plant enters upon its second stage, or spore-producing life ]>erioJ, that a 
distinct epidermis (fuinished by the way with peculiar slomatwl, niakeaite 
appearance, and then only upon the developing spore fruii. 

In Sphagnum (Bog-mosses) the stem ia provided with a very con- 
spicuous epiJermal tissue-syatem, corapnsed, in some species, of only a 
■ingle layer of cells, but, in others of two or four such layeia. The c«Ua 
Are large, colourlesn, and thin walled and contain either air or water. 
f The frail walls are generally atrengtlioned by slender, spirally arranged 
^j^read-like thickenings, while in many cases the cells are in direct ci>m- 
piunication with one another, and with the outside by means of minute 
8. It ia up this tissue, as threugh a sponge, that the water rapidly 
ea, and within this tissue, also sponge-like, that water is retained by 
e bog-loving plants. 

In the two groups lying above the mosses — that i«, in the VAacuun 
OKTFTOOAHa and FHANEnooAMs — an epidermis in an invariably occurring 
structure, clothing alike the routx, stem, and leaver, and becoming 
variously modified under the influence of individual conditions of 
;;rowth, and by the physiologically imperative requirements of the plant, 
in its origin the epidermis of Fhaneroganis arises, as we have before 
seen, from the dermatogen, a structure that makes its appearance at an 
early stage in the plant's embryonic devplopment. As it gets older, the colla 
become more or less flat, while whatever changes may take place in their 
KUter or exposed walls, the radial walla always remain thin and possibly 
porous. Simultaneously with these changes certain developments may 
take place among its cells, some, as has been before stated, may produce 
hairs, while others may become the guard cells of stomalte. Hairs are 
freely thrown out by the epidermsl cells of the roots, and these, under 
many cireumstances, are functionally concerned in the alisorption of 
water for the benefit of Uie whole plant. Hairs are also found u]ioii the 
epidermis of stem, leaf, and flower, and are utilisud for the prforniiknce 
uf the most varied functions ; ordinary hairs seem to he eB|.wcially pro- 
duced to decrease the rate of 1 ran !• pi ration, hence exposure to ajr and 
light tends to promote an increased development of thpiu: appendagei^ 
Sometimes a hair is a stinging organ, as in Nettle ; a digesting oi]{an, a* 
in Sundews ; a ecandoria] oi^an, as in Ui-amble ; imd so on. 

When stomatffi make their appearance upon the epidi-miis, they arc 
invaiiably situated above intercellular spuces,'to which they ofFer a dirwt 
means of communication with the outer uir. Tliuy are not formed iii 
subterranean or subaqueoiu slructuics, and their formatidu serros to bn 
regulated (in addition to heredity) hy rctnnlation of gniwth, and an 
available accumulation of food material : as has been partially pTo%'ed by 
grawingin Ihe air branches of certain water plant" that natuiully grow 
entirely submerged. It was found that, coucurrently with n aluwor 
growth, and gicaterconcentratiou of food,a number of Btomala nudt lb«il 
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appearance upon the arllGcial ferial leaves. Wliile further, it has been 
recorded that Etomata have been found on galls upon the upper aide of 
the leaf in vine, although normally they only occur upon iheit lower 
sarface. Here t!ie accumulation of food, due to the flow of sap to the 
seat of irritation, wa$ evidently the chief factor in the formation of theee, i 
in this case, apparently functionless stomatse. 

When the epidermis is fully formed, and, if it is subject to { 
exposure, the outer boundary walls of the cells are often considerably 
thickened, H^imetinies enormously so, aa in many leathery leaves like 
holly, miatletoe, and the like. 

There exists upon the surface of moat IcaTea a continuous, mem- 
bnnous, transparent layer, the ctUide possessing most extraordinary 
lesisting power, and useful not only for purposes of protection, but as 
check to transpiration, and thus preventing a too rapid loss of water. 

Iodine colonr.'t the cuticle brown, while oxidising agents and boilin 
potash water dissolves it. A resinous or waxy substance, soluble i 
boiling alcohol, covers the surface of the cuticle and forma an effectual 
protection from the wet. 

It would seem that in addition to the function of protection, the epi- 
dermal cells perform other and important duties in the economy of the 
plant. They atore up a reserve of water which, owing to the tliinness 
of their radial walls can easily pass from cell to cell, thus enabling them 
to meet within certain limits any extraordinary demands brought about 
by the necessities of transpiration, while at the aame time they are alao 
able, ihonid the necessity arise, to deliver up to the chlorophyll-bearing 
cell a quantity of water for purposes of assimilation. 

Occasionally the epidermis gives rise, as in the leaves of Ficne, 
Begonia, and niinty Piperaceie, to an inner layer of cells with thin 
walls and watery contents. They are functionally concerned in the 
storage of water, and are known as aqiieaiis cells. 

In the aerial roots of Orchids and Aroids there in, outside the true 
epidermis an ex I m ordinary cellular development that completely invests 
the root stretching from the extreme tip to its point of insertion in the 
■tem. This structure has a remarkable power of absorbing water, and \» 
known as the Vdameti. 

A transverse section of the aerial root of a apecies of Dendrohium, 
double stained, and well exhibiting this velamen growth, has been 
•elected a< the subject of study under our present heading. Its structure, 
together with the structure of the epidermis proper, may be readily made 
out from the accompanying preimration, by working tlirough the follow- 
ing instructions. It may be explained that although v/v are at pret^ent 
mainly, if not wholly, concerned with epidermal tissue, yet I have 
hesitated to point out the most important features to be obm'rved in other 
ptrta of the section. 
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It will be well, first of all to make nut the lollowiu}; tmkvd-eye 
cfaaractera in the section : — 

(a.) — An outer system (t!io ivlam tit) slaiiie'l a pali-li green, liFiviiig 

ii8 free surf lice clothed with a number of eiosely-set liaira of 

various lengttis. 
(6.)— A broad ring of tissue (the enrli'eal Bystani) lying within (a). 

It has taken up the red stain. 
(e.) — A tliin, dark, circular line (the true epidermii) lying hetween 

(a) and (b). 
(tl.)—A central disk of dafk-green stained tissue (the axial filiro- 

vaneuliir himilf) surrounding a mere speck of clear looking 

tissue (the pith). 

With the help of an ordinary pocket lens make out further :■ — 

(n.) — The clear-looking, thin-walled oblong cells of the eelamen, so 
disposed that their longer axes lie radially in the section. 

(6.) — The Ihick-walleii, dark-green stained Cidls of the epidarmiM. 

(k.)— The roundii-h, thin-wftlled cells of the cortex. 

\d.) — The concentric arrangement of alternate large (elongated), 
and small (roundish and red-tinted) patches, composed of the 
cnt ends of moie or less wide tubes ; the larger, representing 
the vessels of the wood, and Ihe sninller the equivalent struc- 
ture of the beat, 

(e.) — The round cells of the pith. 

Next examine with an 1 inch obj., and observe -. — 

(a.)— The delicate, intercroBBJng, spiral thickenings upon the wulU 
of the vdam^n cells ; the origin of the li;iiR, each being, simply, 
a prolongation of the exposeil or fieo wall of one of the oulei 
or boundary cells of the velaiiicn. 

({,.)_The circle of distinctly differentiated cells of ibe rpidermU ,- 
carefnlly noting, however, that the continuity of ihe thick- 
walled laterally compressed angular cells, that mnka up tli* 
greater portion of the layer, are hero and there interrupted by the 
intercalation of solitary, more or leas, roundish piircncbymatous 
cells with slightly thinner walls, hut resembling the other cells 
of the tissue-system so far as ttie selective absorption of the 
gieen dye is concerned. 

(c.) — An outer ring of small, angular, cortical celh tying aj^aingt 
(b) ; a single layer of inner cortical vetia (the IrundU or 
ptcrotiie tkcath) surrounding the axial tibro-vusciilar hundlo : 
the file of cells lying opposite each region of bast, having their 
walls considerably tliickened, and consequently green ctsiued ;— 
the remaining and larger cortical cells presenting blue-tinted, 
irregulnriy banded thickenings, more or less dintincl, e>-peciHlly 
if the section is a tittle thick. 

(d.) — (1). A distinct outer layer (the peri-tombittm) lying imme- 
diately within the pi erome sheath, and, like that layer, having 
the walls of the cells thickened that lie opiiosile the rrgiou ixi 
bast. 
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(2). The bast or phloem composed of a central twig of cells an<l 
vessels (soft ffost) coloured red, surrounded by thick walled 
cells (bfist fibres). 

(3). The wood or xylem, composed of vessels with very wide 
cavities, to the outside of which is a region of narrow cells 
{wood prosenchyma) extending to the layer of pericanibium, the 
cell walls in all are stained green. 
(e.) — The pith composed of roundish cells occupying the centre of 
the plerome. 

Finally examine with the quarter inch objeclive noting (Kirticularly 
under the increased magnitication. 

(a.) — The spinal thickening upon the walls of ihe cortical cells. 

(b.) The walls of the epidermal cells, — the outer and lateral walls 
thick, the inner walls comparatively thiiL 

(rr.) — The cut faces of short breadths of green-stained thickening 
bars, upon the wall of the round cortical cells, liie thickenings 
on contiguous walls being opposite to one another, and so dis- 
posed, that they are generally seen upon the segments of 
weakest pressure (that is, bordering intercellular spaces) the 
faces of contact with neighbouring cells remaining thin walled, 
thus permitting an easier communication between cell and cell. 
Faint outlines of feebly -stained bands may be made out within 
many or most of the cells. 

(il.) — The thick walls of the bast cells. 

With respect to the further study of the epidermis and its special cover- 
ing the velamen, recourse musst be had to longitudinal sections, or better 
still, perhaps, to maceration and subsequent teasing and scraping, or if a 
fra^^'uient of the root be boiled for a few minutes in water, to which are 
added a few drops of caustic i>otash, the colie-^ion of the cells will be 
sufficiently overcome to render examination tolerably easy. If the vela- 
men c<^lls be carefully scraped away from above, and the cortical cells 
from Ijelow a portion of the epidermis, a thin, tough, transparent tissue 
will be isolated, the structure of which may be easily ni.ide out with a 
nifj<lerate power of the microscope. The cells, it will })e seen, are much 
elongated, having straight parallel side walls, and depressed or (;oncave 
«:;nds. As the cells are disposed in rows, a more or less circular opening 
\^ left between the uniting ends of any two cells in every row, and lying 
within each of these spaces is a sub-globular cell with thickened walls, 
and piercecl with many pores. 

If the fragment of root be boiled in the alkaline water for a lengthened 
j>eriod, the long cells will readily separate, and, closely sei, transverse 
thickening bars upoji the side walls may be easily made out under a 
jiroper adjustment of the light. Some of the small cells belonging to 
tlie outer region of the cortex will be almost sure to be adhering to some 
j»arts of the epidermis under examination : these will be seen to be 
oval-shaped, with thickened wall-*, plentifully dotted with either Uii" 
places, or actual openings, and if a further examination be made ■ 
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rest of the corLicuI cells all <,Ma«l!itioii from these cells to lar*;er ones, 
where the thickenings are disposed in irregularly ilisposetl hands of vary- 
ing thicknesses (reniimliiig oiu*. of the ])arenchymatous cells from the 
lower portion of the thalhis of Marchaniia) — will he rea<lily ohservable. 

Having completeil cuir observations of the minute anatomy of these 
remarkable aerial roots of JJendrohium ; an«l if we now remember that 
this genus of orchidaceous plants grow in such situatioiis (that is, u|)on 
trees), where ordinary roots can do little more than merely play the part 
of holdfasts : and, if, at the same time, we remember that the plants 
affect legions where the warm air is for evcM* loaded with an abundance of 
watery vapour, we can, I think, readily uutlerstand how functionally ser- 
viceable such aiirial root organs as these must prove themselves to be in 
the })hysiological economy of this or similar epiphytal organisms. Spring- 
ing from the expose«l l)ase of the succulent stem, the green-tippeil roots 
soon become curveil, and eventually freely, hang in longer or shorter cords 
in the moisture-bearing air. Water, be it rain or <lew, is, strictly speak- 
ing, scarcely pure, containing as it thios dissolved ammonia and various 
salts derived from the impurities of the air; and this water, possessing a 
varying nutritive value is readily absorbed by the thin-walled velamen 
. cells until that tissue becomes more or less gorged. The triu* 
epidermis has evidently a merely skeletal function, a cylinder *>f 
strength, as it were, betwi'en the two regions of mechanical weakness — 
the velamen an<l cortex. Through the very thick walls 

of the cells of this epidermal system the water would 
find a slow and difiicult passage, but, as we have just seen, the continuity 
of these cells is interrupted by the presence t)f numerous small, isolatinl 
cells provided with pores, and through these tlie water from the turgi«l 
velamen cells readily and directly passes into the banded cells of the 
cortex; while froni these cortical cells the axial tibro-vascular bumlh* 
obtains its su|>ply of water, and this very essential lluid, the bundle, in 
pursuance of its ordinary duty, will speedily carry upwards into the stem. 
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1. — General Structure op a Fibro- Vascular Bundle. 



A distinctly difFerentiated tissue-system usually assxuniug the form of 
isolated cords or strands, is commonly found traversing the various organs 
of all the higher or leaf-bearing plants lying above the Mosses in the 
scale of complexity of organisation. In this group (that is the true 
mosses) there appears for tiie first time an axial string of dense or closely 
packed cells, considerably elongated in the direction of the plant's most 
rapid growth, and still further differing from the other cells of the stem 
in having their walls regularly thickened to an appreciable extent. Such 
a system as this, composed merely of simple fibres, obviously foreshadows 
the much more complex, but still exactly equivalent system of fibres, 
tubes (or vessels), and cells that make up the histological elements of the 
ramifying cords (or fibro- vascular bundles) of the Vascular Cryptogams, 
Gymnosi)erms, and Phanerogams. 

In our study of the growing point of Maize, it was therein learned 
that during the whole period of its embryonic condition, a plant is made 
up entirely of cells ; and that, although at one stage, these cells are to all 
intents and purposes exactly similar, so far at least, as outward form or 
general appearance goes, yet the individual cells of different groups are 
so fully endowed by the strong force of here«lity, each with its own 
special physiological potential, that different cell-groups are thereby 
compelled to develop towards a permanent or mature state, Jiloiig certain 
lines in gradual yet definite stages of growth, resulting at length in the 
production of all the different systems of tissue that are so markedly 
characteristic of the species to which the individual in question belongs. 

Referring to plate 7 we see, for example, in the longitudinal row of 
short broad cells marked (/.) an early stage in the development of a 
vessel. Subsequently in the life of such a row, the superimpovSed cell-? 
would become completely fused, and the transverse separating walls ha 
come, perhaps, first ruptured, and then [)robably absorbed while simul- 
taneously with this the contained protoplasm would gradually thicken 
ceitain parts of the now long and common wall, by the addition of new 
cell wall material, elahorated in the form of bands, spirals, or the like. 
Such special tubular structures are clearly of great functional importance, 
inasmuch as by virtue of the peculiar mode of thickening, not only is 
there a considerable gain of strength, but the thin or unthickened portions 
of the vessel- wall permit, at the same time, an easy passage of gases in 
a lateral direction. 
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A fibro-vascular bundle is made up of two distinct portions — the xylem 
or wood, and the phloem or bast ; but while differing considerably from 
one another, both histologically and functionally, each region is neverthe- 
less typically made up of fibres, vessels and parenchymatous cells. 
The vessels, however, present the chief differences, as, while in the wood 
these structures, as we have just seen, are completely open or continuous 
throughout, and secondary thickenings are freely deposited upon the side 
walls ; in the vessels of the Last, the elements retain to a greater extent 
their cell individuality, owing to the non-destruction of their transverse 
partitions ; at the same time the wails show little tendency to become 
thickened, while numbers of minute pores are found upon either the end 
or side walls permitting direct inter-communication between the proto- 
pla.<niic contents of the entire " vessel." 

In all the vascular cryptogams, excepting the Eqin'setacetv^ th«' 
bundles are conc.tndric, that is the xylem is entirely surrounded by bav^t ; 
while in the E(|uisetums and in most Phanerogams the xylem and ba^t 
are radially disposed with resp«'ct to one another, the xylem being towanJs 
the centre and the bast towards the circumference as in Fig. I. in the 
accompanying plate. Such bundles are known as coUateral. 

Collateral bundles may be operiy as in typical Dicotyledons, win re ji 
region of cambium separates the woody from the bast poition ; or \,\u'. 
bundles may be closed^ as in Monocotyledons, where no such genenitive 
layer exists. In a few Dicotyledons two regions of bast arc j>resfnt, 
one in the usual position, or on the circumferential side of the wood, 
and another on the inner or axial side. These have been called hirol- 
lateral bundles. In the subject of our last study (the aerial root of an 
orchis), it was inci«lentally observed that the xylem and bast^of the axial 
bundle were therein arranged alternately, that is, in ditferent radii ; 
this arrangement is (with very few exceptions) universally characteristic 
of roots, and such bundles are known as radial ones. 

In the subj«jct of oi;r mjsent study — a preparation of the transverse 
section of the stem of Cncnmis — it will be found that the eh-ments of 
the bundles are arranged in a bicoUateral manner, and hence in this 
respect the cucumber is an exception among the rest of its class. With 
the view of obtaining a general notion of the structure of a libro-vascular 
bundle and its position and comparative histology with re-Jivect to tin* 
other tissue elements of the stem, the accompanying preparation may now 
be examined, according to instructions given below, and sketches made 
of the Viirious systems and groups of tissue as they appe ir under liio 
different magnifying powers used. 

The following characters may be made out with the simple lens : — 
{(I.) — The somewhat irregularly waved outline of section ; the lobes 
agreeing with the distinct ridges that run parallel with the 
directi<n of growth in the stem ; the hollows with the corre- 
sponding grooves or channels. 
(b.) — The epidermis consisting of a narrow line, just slightly 

darker than the immediately underlying tissue, 
(r.) — The hj/pudermn, a dark band of closely packed cellp, hCjmrated 
from tl>e epi<lermis in the ridges by a depth of thin-walled 
parenchymatous cells, but actually touching it in the channelir. 
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(d,) — The fibro-vatcular bundles arranged in two groups or systems. 
An outer sub-circle corresponding with the ridges, and an inner, 
corresponding with the channels. Each is seen to be made up 
of (1) a middle region — the xylem or woody composed of empty 
tubes (two at least of which are excee«lingly largo), intermixed 
with and radially surrounded by groups and masses of narrow- 
celled and denser tissue ; and (2) end regions (peripheral 
and central) — the phloem or bast — of narrow tubes, many 
of which apparently contain some homogeneous contracted 
material, and presenting a dotted appearance in consequence. 
Examine the section again, using an 1 inch obj. power. Muke out : — 
(h.) — The epidermis^ a single row of small, but otherwise not very 

distinctly marked cells. 
{c.) — The hypoderma^ of narrow cells, with thickened walls. 
(d.) — The fibro-voticular bundle (1) the thick-walled narrow fibres, 
and the thin-walled, small parenchymatous cells, together 
with the large and small vessels of the xyleni, (2)- The vessels 
of the basty some with contracted contents; others presenting a 
circular plate continuous with the inner walls of their respec- 
tive tubes ; intermixed with these vessels are narrow, thin- 
walled, parenchymatous cells ; while true bast fibres appear to 
be entirely absent. 
Examine bast region under a higher power — say a J or an \ obj. — 
and carefully observe the structure of the circular plates 
noticed in the vessels under the lower power : they are thickly 
pierced by minxite jiores, and present a characteristic appear- 
ance, hence their name {sieve-plates). 
Obliqxie and longitudinal sections of the stem show, that the very 
wide tubes of the xylem are doited vessels, the walls of which arc 
additionally strengthened by banded, irregularly-meshed, thickening 
layers ; while the smaller tubes are seen lo be spiral vessels. 

2. — Bast (Phloem) — Sieve Tubes and Liber Cells. 

The bast, or phloem portion of a fibro-vascular bundle is, as we have 
before seen, typically made up of vessels, thick-walled, elongated cells, 
and succulent parenchymatous cells. In form, the elements of the 
vessels are usually prismatic, with either slightly oblique, or truncate 
ends. The walls are invariably composed of pure or unnioilitied 
cellulose, and are never thickened to any considerable extent. Certain 
of the walls (the transverse ones in cucumber) are further characterised 
by the possession of pores, through which pass connecting threads of 
protoplasm (Fig. 5)i. A peculiar albuminous thickening, known as the 
callus^ covers tlie surface of the sieve plate during th^ active period of 
the " tube." This is also shown in Fig. 5. A parietal layer of proto- 

iThe continuity of the protoiilasni can be well demonstrated by following the 
directions given by Sachs. " It is sufficient, "he says, "to saturate thin longitudinal 
sections of the pnloem with iodine-sol utiun until the contents of the sieve- tubes 
})egin to turn brown, and then to add concentrated sulphuric acid ; this dissolves 
the cell-walls and the substance of the sieve-plates, and nothing is left but the 
muciUginous contents coloured a deep brown." (See Fig. 6). 
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plasm will persist for a longer or shorter period. With its disappearance 
all activity will cease, and the tube become passive or dead. Although 
a nucleus is not ordinarily observable, yet in the Scotch fir (Piniui 
Sylvestris), according to Russow, several nuclei exist, when the elements 
are in a young stage. In addition to the protoplasm, sieve-tubes also 
contain a watery fluid, a sort of peculiar mucilage and starch grains. 

In Dicotyledons, where the bast is developed from the cambium, 
when a cell is cut off that is destined to take part 
in the formation of a tube, it first divides longitudinally, and while 
one of the twin daughter cells evolves into a tube element without 
further division, the other becomes the mother cell of several bast 
parenchymatous cells. The row of cells marked (s) in Fig. 2 are youn;^ 
sieve-tube elepients. According to Janczewski, a number of symmetrical 
dots or " waits " of callus substance make their appearance upon the 
transverse walls, the wart material spreads, until, by the coalescence of 
the approaching borders, it cover the whole surface of the plate, after 
which the pores are formed at points agreeing with the position of the warts. 

The complete life history of a sieve-tube may be divided into four 
periods — (a) the evolutive, during which the vessel is acquiring its dis- 
tinctive characters ; (b) the active, within which it attains its fullest 
vigour — it contains protoplasm, mucilage, and starch, and performs very 
important physiological work ; (c) transitional, during which period it 
loses its protoplasmic contents, while at the same time the callus begins 
to disappear also ; (d) passive, when the tube is empty, and 
the plate, viewed from above, has merely a recticulated appear- 
ance (as may be seen in the lower part of Fig. 7). In Dicotyle- 
dons, where, owing to the activity of the cambium new sieve-tube 
elements are periodically cut off, the changes just indicated may take 
place in a few months ; but in the closed bundles of the Monocotyledons, 
on the other hand, where the sieve-tubes are formed from the procam- 
bium, the activity of the elements may continue for years — indeed, as 
long as the life of the bundle itself. 

In the Vascular Cryptogams, the sieve-tube elements are compara- 
tively small, being, in fact, no larger than the neighbouring paren- 
chymatous cells. It a[)p*'ars, so far as present research goes, that the 
" pores " are not actual o[>enings but simply pits, and that they occur 
upon both lateral antl terminal walls. In Gymnosperms, as represented 
by the Scotch fir, the elements are square or longer tangentially. The 
nidial and end walls present irregular thickenings, andlying within these, 
upon the weaker walls, are the sieve pores, here however actual open- 
ings. Tlie Monocotyledons have the pores ujwn the lateral walls only 
of the tubes, while the Dicotyledons may have them upon either of the 
walls — lateral or terminal. 

Respecting the cells of the bast, little requires to be said — In Fig. 8, 
the elongated, thick-walled, pliable liber cell is shown, while Fig. 9, 
which represents the cut ends of a group of such fibres, displays the 
characteristic stratificaticm of the thickening layers. In Fig. 2 they are 
shown at (/"). The "middle lamellffi " may in some casfS be lignified, 
while in other cases it may be mucilaginous. AVe have already seen that 
a system of thick-walled liber cells or hard bast is absent in our typc- 
I'hwd — the cucumber. 
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3. — Wood (Xylbm). Wood Vessels and Cells. 



The Wood or Xylem of a fibro-vascular bundle, is, like the bast portion, 
made up of vessels, thick-walled elongated cells, and cells of a parenchy- 
matous nature. The vessels form long and, usually, continuous tubes, 
developed, as hereinbefore described, from rows of superimposed and 
histologically distinct cells, containing nucleated protoplasm, and bounded 
by excessively thin walls formed of pure or unmodified cellulose. In 
the ordinary coxirse of development the transverse partitions eventually 
disappear, while the lateral walls of the completely fused cellular elements 
are, in part, thickened by the deposition of new cell wall substance in 
the form of spirals, bars, hoops, reticulations, and the like. These 
secondary deposits are gradually built up as the growing point lengthens 
and new cells are added to the forward extremity of the primary vessel- 
row. The markings first make their appearance at the lower end, that 
is, the end further removed from the apex of the axis, as is shown in 
Fig. 2 (plate 10), which represents a portion of the margin of a fibro- 
vascular bundle of the common bracken fern, seen in longitudinal section 
at a spot where, it will be noticed, the parietal thickenings are just 
making their appearance at the distal end of one of the younger ele- 
ments of a spiral vessel. Simultaneously with these structural changes, 
other changes of a distinctly chemical nature arise within the substance 
of the cellulose cell wall, that give, in this relation, a very distinct 
character to the xylem or wood vessels. 

While pure cellulose is easily dissolved by concentrated sulphuric acid, 
or by an ammoniacal solution of copper oxide, the material forming the 
solid portions of the woody tissue remains entirely unaffected when 
subjected to the influence of these chemical re-agents. This cellulose 
modification — known under the name of Vasculose — may, however, be 
readily dissolved by the application of any oxidising substance, sxich as 
nitric acid, chlorine water, or permanganate of potash. Vasculose differs 
chemically from true cellulose in containing more carbon and less hydro- 
gen and oxygen than that well-known carbo-hydrate. 

This chemical metamorphosis of cellulose into vasculose is, however, 
an important one, and has a direct influence upon the physical character 
of the bundle, inasmuch as the formation of vasculose gives considerable 
additional rigidity and strength, or power of resistance, to the stem or 
other organ through which the vascular bundles ramify. 

A typical group of vessels is shown in Fig. 4, wherein it is seen that 
vessels in the same bundle not only differ in appearance, but also in size, 
and that they are intermixed with elongated thick-walled cells — the pros- 
enchyma. One of the vessels — the largest — is dotted, the ** dots," of 
course, representing the thin, or unthickened places on the cell walls. 
Two have spiral markings, while two other? — the nariowest — may bo 
described as " annular," the secondary deposits having here taken the foim 
of rings. 
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The preparation sent out herewith — a longitudinal section (double 
stained) — of the stem of a Sunflower (Uplianthtis annuus), typically and 
clearly displays the minute structure of the xylem of a fibro-vascular 
bundle. (See Fig. 1). 

In the cucumber — the subject of our last study — it will be remembered 
that the fibro-vascular bundles were absolutely destitute of true bast 
fibres, while in the subject of our present study the hard bast (as this 
region is commonly called) has, on the contrary, attained an almost extra- 
ordinary development. 

We will find it therefore instructive to examine in the accompanying 
section not only the xylem portion of the bundle (with which we are at 
present more particularly concerned), but also the region of the bast, 
and especially the hard bast ; while, at the same time, it will give us 
an opportunity of observing all the various tissue elements of a fully 
developed stem, as displayed in longitudinal section. The student will 
further find it extremely interesting to compare this vertical section with 
that of the growing point of the root of Maize, described in the present 
chapter, under the heading " Primary Tissue." In this latter preparation 
the epidermis, cortex, fibro-vascular system and pith are shown in their 
primitive or rudimentary state, while the preparation about to be exam- 
ined displays these systems of tissue in their fully developed or mature 
condition. It will, of course, be understood that the layer of cambium is 
a region of persistent meristematic cells, or cells that have not yet passed 
over into a permanent or specialised form ; that each cell in this layer 
also possesses the primitive power of multiplying itself by bipartition, 
and that from the new cells generated in this way fresh layers of bast are 
evolved on the one side, and additional layers of wood or xylem elements 
on the other. 

The following jwints of structure will be readily made out in the sec- 
tion. It will be well to examine the preparation first under an inch obj. 
power, and then under a " quarter " or an " eighth " : — 

(a.) — The epidermis (slightly green-stained) with scattered uniserial 
hairs seated upon multicellular sockets. 

(b.) — The cortex (stained carmine), the parenchymatous cells of 
which are thin-walled, and of different shapes and sizes, but 
all are more or less elongated in the direction of growth of 
the stem. 

(c.) — The hard hast (green-stained) very strongly developed, and 
made up of comparatively wide and moderately thick-walled 
cells, with obliquely pointed ends, exactly fitting into one 
another, and forming a <lense tissue of closely-set cell*. 

(d.) — The soft hast (stained carmine), composed of sieve-tubes with 
thin walls, and contracted granular contents, together with 
much elongated parenchymatous cells. 

(e.) — The camhium cells (which have also taken up the carmine 
stain), lying on the inner side of the soft bast, and made up of 
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long but very narrow and extremely thin- walled cells, filled with 

protoplasm; the cells lie in radial rows, while the rows are 

arranged longitudinally in tiers. 
(/.) — The xylem or icood (stained green) made up of wide dotted 

vessels towards the cambium and narrower spiral vessels towards 

the inner side : intermixed with these are seen long, narrow, 

thick-walled tapering cells fj^rosenchyma). 
(iJ.) — The pith (stained carmine) formed of irregularly shaped cells, 

varying very much in size and apparently empty. 

Respecting the vessels noted above under (/) it should be observed 
that the transverse partitions indicating the boundary between superimposed 
cells may be very clearly seen in all the vessels displayed in the section. 
In this case the end walls have only suffered partial absortion, and are 
interesting as being forms of vessel somewhat transitional between simple 
cell fusions and wood vessels proper. They also demonstrate (on being 
compared with similar primary tissue cells out of which the vasicular 
system was evolved) that during the formation of the first-formed 
fibro-vascular bundle all the cellular elements were lengthened to a 
considerable extent, and further, that as the first formed vessels arise 
towards the pith, and as therefore the parietal thickenings would be 
deposited therein before such vessels had attained their full length, the 
i^pirals have, to a certain degree, been pulled out under the influence 
exerted at that time by the stretching walls of the then growing vessels. 

A transverse section of the Sunflower (and double stained) should eitlier 
be made or procured by the student, and compared, first, with the longi- 
tudinal section of the same plant, and, second, with the preparation of a 
transverse section of Pinus Sylvestris, previously distributed with the 
present series of "Studies'* (slide Xo. 2, plate 2). 

In a transverse section of the stem of the Sunflower each fibro-vascular 
bundle is seen to be made up of a large patch of hard bast (often sub- 
circular in form), to the inner side of which lies a much smaller region 
of soft bast, with its convex outline lying against the narrow band of 
brick-shaped cells of the cambium. The xylem displays towards its outer 
"^ide a closely grouped assemblage of prosenchymatous cells (Fig. 3), and 
Vessels presenting a concave surface towards the cambium, and sending 
>uys of wide-tubed vessels among the parenchymatous wood cells that 
form the principal constituents of the bundle towards its inner side. 

In the transverse section of the young shoot of PiniM (and it would 
be well to examine also a longitudinal section of the same), it will be 
observed that with the exception of a narrow region of spiral vessels 
bonlering upon the pith, all the rest of the Xylem portion of the bundle 
is made of prosenchymatous cells, which, in longitudinal section display 
** bordered pits " upon their lateral walls (Fig. 5, plate 10). When the 
thickening process sets in, in these cells, comparatively large circular 
^reas are left at different points on the walls, but invariably at spots 
Opposite to one another, in neighbouring opposed cells. As the thick- 
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cning proceeds, these areas are in time spaiined by an all but closed in 
dome roof, owing to the pushing over, as it were, of the thickening 
material, until when growth ceases, a small circular opening only is left 
facing the interior of the cell. The thin double wall of each unthickened 
area is eventually absorbed, and direct communication is thus established 
between all the cells of the bundle (Fig. 6). 



Explanation of Plate 9. 

Fig 1. T. S. of the stem of Melon, showing the concentric arrangement 
of the collateral fibro-vascxdar bundles (mag.) (Le Maont 
and Decaime). 
„ 2. L. S. of portion of a fibro-vascular bundle of Riciniis^ showing 
(c) cambium, (s) row of cells that will afterwards develop 
into a sieve-tube, (p) bast-parenchyma, (^/"J bast-fibres, (c,p,) 
cortical parenchyma, (r) portion of vessel of the wood 
(Sacha). 
„ 3. L. S. of phloem of Cucurhita Fepo, showing two young tubes 
(with contracted contents), and a single tube (to the left), 
with sieve-plates in coui-se of formation (Sachs), 

4. Sieve-tube of Bryonia dioira in longitudinal section (Thomi). 

5. L. S. through a transverse partition- wall of the gourd, showing 
the callus and the connecting threads of protoplasm (Thorn*:), 

6. Preparation from a sieve tube of cucurbita after solution of the 
cell wall with sulphuric acid (Sachs), 

7. Sieve-plate viewed from above ; upper part represented as being 
in an active condition ; lower portion as being in the passive 
state (Thomr). 

„ 8. A thick-walled bast cell (fibre). 
,, 9. T. S. of a group of bast filnes. 
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Explanation of 1*late 10. 

Fig. 1. Kadial longitudinal section of stem of Sunflower (^a^ cambium 
[with a sieve-tube to the riglit], (h) wood-fibres, (c) small, 
and (d) large spiral vessel, (e) pitted vessel, (f) pitted 
vessel in course of formation. After Pranti.. 

,, 2. Longitudinal section of the margin of a principal vascular 
bundle of common Bracken Fern (Pterix Af/uilina) at the 
place where the thickening layers begin to appear in the 
spiral vessels. After Hofmki»T£r. 

„ 3. Transverse section of wood cells of young stem of Sunflowi'r, 
showing " middle lamella " and thickened portions of wall. 

After Sacii. 

„ 4. Longitudinal section of stem of Italiun Reed^ the cortex lie> 
towanls the right of the bundle, and the pith towards the 
left. After Carpenter. 

5. Detached woody fibre of Phius showing the bordered pits. 

6. Longitudinal section (somewhat diagraniatical) of wood of 
PimiH showing the natxire of the "pits." 
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FunilaincQtal " is a term irhicli Iiaa been npplied lo all penuaaeot 
le, not referable to either of the two sf3t«uis vrc have jast been etudy- 
tng— epidermal or vascitular. In its eiinpUdt form — such <ia we find, (or 
tSBhuice, in tbe accompanying prepaxdtiou — it consiatB merely of thin- 
Willed pateiichymatous cells, functionally useful in the conreyance of 
a«UllilM«d material from one part of the plant to auotlier, and for the 
tge of starch and such like reserve material in organs ih'it are destined 
to tqjoy a biennial or perennial existence. As this system forms h gruund 
tUBIU through which the isolated fihro-vasunlar bundles ramify, it is, in the 
tteuu of DicotyleduuouB plants, ^'enerally separable into three regions — 
tha pith or medidla, cortex and medullary rays. So far aa tlieir compara- 
tive extent of growth is concerned, these regions vary very muchindiffer- 
«it plants, Compare, for example, Lfae smallness of ibe pith and the wide 
re^on of cortex in the section about to be examined, with the thick pith 
Mtd narroM band of corlex aa displayed in a transverse section of the sun- 
flower — and the exceedingly narrow medullary rays in Scotch fir, with 
the broad ones so clearly seen in the section of the stem of tbe cucamber. 

In roots — as typically displayed in dendrohium — owing to the axial 
pOBition of the fibro-vascular bundles, the pilh is never large, while eveo 
that, small as it ia, is subject to complete obliteration if the roots even- 
tnally increase very much in thickness. 

In most leaves the fundamental tissue ia largely developed, while the 
m1]a contain an abundance of chlorophyll, and are therefore functionally 
dlSarent from those to whose contents light cannot readily penetrate. 

In aquatic plants, the cells of the fundamental tissue are not so closely 
srmaged as in those of the various land plants, sections of the sterna of 
whiBli we liave already examined. In all the aquatics, large or small 
intercellular spnues, bounded by plates of cells, are invariably left in the 
gronnd tissue, thereby providing a convenient receptacle for the storage 
<rf air required either for purposes of respiration or to give buoyancy lo 
tha Tarions organs of the sub-aqueous plant 

The subject of our present study is a transverse section of tbe petiole 
of a epecies of Llmnanthemum, logwood stained, and drawn under a i 
magnification of 75 diameters. It is selected to illustrate unmodified | 
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fundii menial tis'iiie, interi^llular spaces and idioblasta. Limuanlbemum 
is an aquatic genus of exotic plains belonging Lo the same family aa our 
own bogljean and gentians. Tlie petioles are long, slender, alternate and 
submerged, and carry round 1 1 ear t-sh aped leaves, and umbellate lieads.A' 
small, regular flower?. 

The following points of etructiire may bo obacrved in tlie section :- 

(a) The epida-mit of email, thJa-walled cells scarcely dilTering 

(except in size) from the iinderlyiiig cortical cells, 

(b) The wseicHlar nystem made up of four closely arranged axial 

bundles, each presenting the cut ends of several wide vessels 
{spinU wii»els an may be seew itt longiUuUiuU eeetion) sui- 
lounded by cells, the walls of which are thin and ud- 
lignilioil. 

(r) l-ha fuTtdamenial tigtwi cousistinjir of (1) a small region of pit/i ,- 
(2) short but conipar^itiv^ly broad TnetlullarT/ raye; (3) thi- 
bundle orplerome »heatli' a. distinct hoop or line of cells, — thin- 
walled and containing grains of starch — running round the 
axial vascicular system, curving over the convex outer 
end of each fibro-vascular bundle and dipping into thu 
medullary rays between the bundles ; (4) the cortex composed 
of an outer deep region, and iin inner narrow region of closely 
arranged sub-globular, thiu'Wallcd cell?, and a wide breadtli 
lying between these, where the cells are disposed in radially 
long and tangenlially short roliculated rows, kept apart by the 
existence of comparatively largo intei'cellular sjiace?. 

(d) The idiobloifis (or internal hairs) isolated, stellate cells scattcKd 
throughout the intercellular region of the cortex. 

It will be noted that the petiole of Limnimthemum being a submerged 
oi^an, it is in consequence not subject to the trying and ever-varying 
vicissitudes of a sub-aerial life, and that, as might be expected, a func- 
tional epidermis is found in this preparation to be all-bul entirely abeent. 

It will be also noted that the position of the flbro-vasculnr syat«n in 
ihe petiole of this plant is similar to that obacrved in roots (compare witb 
Dendrobium), that is, it is nxial ; and that still further, ns in roots, ihtn 
is a distinct plorome sheath enclosing the vascicular ayslem. In common 
tiogb<!an (MenyantliUit) above referred to each bundle is enclosed in a 
itheath, a point of structure in which it departs from typical L>icotylr- 
dons, but which is very characteristic of Fenis, and perhaps the majority 
of nil other vuscular crypiogam?. 
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In our type, aa in water plants generally, we find a very poorly 
developed prosenchymatous system ; but reiuenibering that functionnlly 
the woody fibres are concerned, first, in giviug mechaniual support to the 
plant ; and spcond, in conveying water from root to lenf, the non- 
advantage o£ lignification in these tissue elements in tlia water-covered 
organs of aquatic plants is, of courEe, easy to fully uuderstand. 

The fundamental tissue, or rather, perhaps, certain regions of it, in tho 
majority of Iflnd plants are subject to many adaptive moilificntiotis, tha 
exact nature of which is, or has been, determined hy the external conditions 
to which the plant or its progenitora have been aubjecled. For example, 
in the long succulent, rapidly growing stems of cucumber, a clearly 
difierentiated cylinder of thick walled uelU (the hypoiiemia) forma in the 
cortex (aa we have previously seen) a region of strength in the otherwise 
weak and generally soft-celled leaf-bearing axis. Similar hypodermal 
regions are very common in stama, and we may mention the well- 
known meadow-sweet as a good example wherein this modi- 
fication of the fundamental tisnue system is tolerably well reprettented. 

In some ciisea the modification reaches extreme limils, ns is exemplified 
in the formation of snch hard tissue as the fi-uit^tones of plums, cherrion, 
and the like. Such intensely strengthened tissue is known as Kleren- 
ehyma. 

A modification of the fundamental tissue of a totally different natura I 
ie characteristically displayed in the transverse section of the stem of 
cacnmber (slide No. 9). If ihe isolated groups of cells lying within the 
dnmmferential ridges of this preparation, referred to in paragraph 
{e) in the table of inalruciions given on page 36, are carefully 
examined under a high magnifying power, it will be discovered 
that the description of "thin-walled," aa therein applied to the cell», 
i*, at beat, only partially accurate, na, hy a proper adjustment of Ihe 
G^t, it will be observed that the angles formed by the meeting of the 
Irtcnl or longitudinal walls are filled with a clear-looking, finely 
■triVwl thickening materia), the presence of which reduces the cavity <■£ 
eacli cell to au almost circular form in sectional outline. This special 
kiDil of tisEue is known as eollent}iynia ; it poasessee the power of 
•veiling to a greater or lesser extent by the absorption of waier ; while ' 
fiUKtiooallj it IB concerned in giving strength and a considerable degree 
ot dvttcily to the organ within which it is generated. Tlie ce" 
"j (peaking, moderately long ; they are filled with sap, bi 

a few grains of chlorophyll or none at ail. The cell-walls 
I a blight blue by submitting sections to the action of I 



:nrrecce of cullenclyma is ccmpaiatively ra 
iv yet it eeems to be generally present in all the climbing 
ia.^Ri7ujr, 01 that ccmnionty cultivated Chilian plant with 
■ uti ed)bl« btrties — Laplgeria roteu. 
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The function of the intercellular spaces in Li mo anthem u in has 
already referred to, but, for the sake of comparison, we may here again 
direct attention to the intercellular spaces in the stem of the Scotch fir. 
As has been already stilted on page 11, the intercellular spaces in this 
plant take the form of canals, and act as receptacles for the reain secreted 
by the cells that form the walls of these canals. 

In the Umbellifone we find intercellular spaces, containing a mixture 
of resin anf^ gum, while in other cases — the water plantain (AlinmaJ, 
for example — the canals are receptacles for a kind of latex. 

In the fundamental tissue of the leaf, intercellular spaces occur that 
ure placed in direct communication with the atmoapheric air through the 
medium of those important epidermal intercellular spaces — the stomata. 

Finally, with respect to the idioblaats (Sach'8 term for " individual 
cells in a tissue otherwise homogeneous " that " become developed in a 
manner strikingly different from their neighbours "), we have seen that 
those in Limnauthemum bear a striking resemblance to liairs — hence 
iheir special name of triciioblnslg. A? examples of other forms of 
idioblasts we may refer to the lithocyds — comparatively larjje cells, con- 
taining clustera of crystals (ctjgtoliihii) — typically displayed in the hypo- 
dermal cells of the leaf of the Indian-nihber tree (Fieut Elculica) or to 
the laticiferous idioblasts as exist in the tissues of Spurges (Eiipiiorl/ia) 
and other plants. 



SECONDARY TISSUE. 



Id oil perennial structarea, provided with open Bbro-vascular bundles, 
li growths annually ari)>e through the persistent activity of the meris- 
ttic celU of the eambium. These secondary layers of wood and bast 
y be observed in aluost anywoody-etemmed Dicotyledon, but a three- 
-oLd branch of the common Maple (Acer Campestre), in transverse 
inn and double stained, has been selected as a typical example of such 
mdary increase in tliicknesa. 

Efttly in the Iiistorj' of the branch, and while it was yet in the bud | 

* Ige, the first-formed or primary bundles arose directly out of the merie- 
Q of the apical region, after the manner previously described herein. 

! bundles were of course open, and the layers of cambium lying 
e regiunB of wood and \>a.ilff<ucicidareambium) were connected 
^jsimilar plates in fundamental lieane (interfti»:icula,r camlnumjao aa to 
Sbnn a complete cylinder of active meristematic cells. As the bud 
Penj^hened into a branch its axis increased in thickness through the 
idditions made to il by new cell fonnation in the cnmbium. Fresh . 
Iftjrera of wood and bast were formed by the interfascicular as well aa by 
" e fwcicular cambium, and as a consequence the primary wood appears 

• BO many processes outstanding in the pith, while the primary bast 
ilea get more and more widely aepareted from one another, as they 

<a outwardly piished by the thickening stem. One histological difference 
□ the primary and secondary wood is that in llie former the vessels 
sapirally marked, white in the latter they are deeply pitied. Owing 
k thia difference the cylinder formed by the primary system is 
iriptirely known as the medullar]/ glieath. 
ft2}nrtng the later weeks of the growing season, and when vital energy 
' D Uie wane, there is a marked difference in the size and diameter of 
t^lem elemenip, therefore, when, in the next returning Spring, the 
alnam again becomes active, the compar>ttively large and normul tissue 
stand out conspicuously beside the dwarfed growths of last 
o that a clear and wellAleGned boundary marks the line whora 
iB year's growth ends, and another begins. 

Fnttbermore, in slruclutes that are destined to withstand anbarial 
ttpMure for years, the ordinary epidermis is early replaced by a mure iifli- 
B protective layer of squarish cells f'corfr^, containing (when mature) 
_ ing but air, and whose walla have sufTcred a charttoteristic modillca- 
Ption. The material ftuherin) of the cell-walla, while being very elastic 
f and extensible, is moat resisting, standing, as it doex, without solution, 
the action of concentrated snlpliuric acid Water also is unuMo to pnim 
through it Physically and chemically, therefore, cork Is ominontly 
fitted to act in the capacity of an external protective tissue. 

Before examining the section it will be well to proaiire a twig of Majtln 
and make a few careful observations with the naked eye, Bulectiiiff tlinrii 
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fore n Lit of n three-year-old twig, it will be soeii that, externally, it is 
covered with a dry, dark-browniah flaky " bark " wilh pimple-like excn- 
acencea (IcnUceh), Boattered pretty freely over its entire aurfnoe. Owing 
to pressure from below, the "bark" is split longitudinally into narrow 
anastomosing band^, exposing an ashcn-hued investment beneath. The 
lenticL'ls arc formed of a collection of loosely arranged cork veils that 
take the place and perform, in many yount; stem structures, ihe functions 
of atonittta. By scraping Ihe outer coat away tlie underlying ashen-groy 
layer may be fully exposed. It is a cylinder of cork, pajiery in texture 
and known as the peridi-rm. If this layer is in turn care- 
fully scraped away, a. green layer of a parencliymatoun natnro may 
ba easily displayed. Using the knife again, but tlus time very carefully, 
ft number of very tine while threads will be discovered lyinp in softer 
tissue immediately beneath tliolayer of green cells. Thethre;td8are priuury 
bast fibres, and the succulent tissue tijc soft bast. By coutinuitig the 
scraping, broiid strands of secondary bast will be exposed that furiu alto- 
;;ether an almost continuous cylinder, around the stem. This cylinder is 
very easily detached from the intf mal shaft of wood, and when so re- 
moved the outer surface of the wood aud the inner surface of the bast 
present a smooth moist appc^arance. The luuisturcis due to the spilt con- 
tents of the sniDshed cells of the tender cimibium that lay hotwecn. By 
cutting the wood away on one side an internal mass of pith may, lastly, ha 
laid bare. 

Turning now to the section iasupd herewith, the following general 
points of Btrutture can he made out wi'.h an ordinary lens: — 
1. — A central diec of pith (crimson stained), made n\> of comparatively 

large round! ah celly. 
2. — A hroad ling of wood (green siaiiied) clearly maiked unt, by two 
dark, thin-lined circles, into three regions (reprcsentijig three yean 
of growth). The dark {{round tisHue represents the individually 
narrow and closely -arranged wootly fibres while the clear specks are, 
of course, the cut ends of wide tubes, or wood vessels. A dark, 
wavy tissue-band lies to the inner side imiuediatuly suirouuding the 
pith. 
3. — An external circular baud of "cortex " (alnined red), with three or four 
nanow, isolated, interrupted hoops (of u greeniah-yellow tint) occur- 
ring within its substance. The outer or circumferential layer 
(brownish hued) is burst, and shows a tendency to " peel." 
4. — Numerous slender lines — medullary rays — starting from the pith 
and passing through the wood and eorlex to ilie citcamferentiaf 
layer. 

By ufing au 1-inch obj. the following particulars con be mode out with 
respect to the various systems of tissue : — 

].— The pith of roundish or polygonal cells becoming larger and lat« 
comprer'sed towards the circumference. 



2. — The iciiml or xylem gij/ium ramlo ii[i of densely packed, narrow cells 
(woolly fibres) intenpersed with isobbed or a.sBOcinted (in twoE, 
threes, or even fours) wide tubes or wood vessels. The woody pro- 
cesses (primary xylera) that are pnshod into the pith and the boundfiry 
lines between the anuunl growlhs are formed, as will be seen, of 
much narrower tissue elements than those found in the rest of the 
same eystcm. 

3. — The eamhium represented by an often contorted (becomiug so during 
manipulation) band of cellular tissue that has taken up very strongly 
the carmine slain ; the outline of the individual cells may be per- 
haps ju?t made out in paits whore contraction hofi not lakeu 
place. 

4. — The forlej:, (so named here for convenience) made np of (a) hard and 
(t) soft bast, (c) green layer, (rf) younger or inner, and (e) older or 
outer layer of cork. 

(a.) — The hard bast, comprising an outer scries of green-stained 
patches (the primary hard bast) concentrically arranged, and 
three inner greenish oryellowiehalained mote or less continuous 

(6.) — The soft bast of thin-walled, carmine-stained elements, in 

which the interrupted hoops of hard bast are imbedded. 
(e.) — Green lnyer of rather larger and tanfjentially i«mpressed cells, 

the chlorophyll of which has been dissolved out, and the walls 

and contents carmine st&ined. 
((i)— Younger Buberoua layer composed of rectangular cells, the 

walls of which are slightly stained with green. 
(e.) — Outer suberous layer made «p of irregularly compressed or 

contorted cell* parsing into an amorphous brownish superficial 

layer of varying thickness. 
2. — ^Tbe meduliarij rays, some (Ihe primary), commencing at the 
circumference of the pith, others (thr «ecoJidarij) commencing in 
the wood of the second and third year. 

Under a qusrtet-incli obj. the following details may be observed : — 
1. — In the pilh, clusters of starch grains may be discovered in some of 
the cells, but in the cells of the two or three outermost layers of oil 
(which are roundish in outline, and have taken up the green stain, 
appearing therefore under a low power as helonging to the rylem 
system) starch grains completely fill up the cell-cavities. 
S. — In the xylem gystem may be noticed the difference in diameter and 
outline between the woody fibres in the primary and secondary 
^'rowthti, in the regions marking the boundary between the annual 
layers und in those touching or bordering upon the vessels. 
8. — In the eumhitim region the ihin-walled rectangular metistem cella 
may be seen regularly disposed in radial rows, the protoplasmic 
contents being stained a deep c 



4. — Tbe hard bast elements are displayed as closely set anciular fibres, 

with woUa so completely thJukened as to leave an extremely 

narrow internal cavity. Faint striations may be distinguished in 

the substance of the walls. Compare with fibres ot xylem. 

5. — In the soft bast tbe sieve plates of same of the phloem vessels may 

be discovered by careful search and focussing. 
6. — The medullary rays in the wood are filled with minute grains of 
starch. In the bast region they appear to be empty. The indi- 
vidual cells are generally larger (at least towards their terminationa) 
in the hast than in the wood. 
7. — The cells of the green layer are large and taugentially elongated 
(oval in sectional outline), and their contents are granular and 
crimson stained. 
8. — The inner suberotts layer is made up of square or sab- rectangular 
cells, disposed iii radial rows. It is clear-looking as the cellx are empty. 
9. — The outer auberous layer is made up of distorted and diaotpinised 
cells, portions of which are lying on the circumference as brown, 
atrueturelesB masses, 
It may be noted, as points that may be made out in lon^itudir.al sections 
of the fresh stem, that the cells of the pith are dotted, nnd that the 
vessels of the primary wood are provided with spiral thickenin^f, while 
those of the secondary growths are closely pitted. The woody fibres run 
off to a point by an one-aided slope, after the manner of the 
cutting edge of a chisel. The bast fibres are very slender and very 
long. The cells oi the green layer are a little longer than their greater 
breadth, the walls are thick, clear-looking and honiogenona. Tlie inner 
cork cells are almost square, their walls are thin and their contents ore 
merely air. Chlorophyll is not only found in tlie green layer, but it 
pervades the cells of the medullary rays, and is even (in one and two 
year old twigs) found in the outer starch-bearing cells of the pith. 

This preparation will, it is hoped, sufficiently demonstrate the normal 
mode of increase in thickness in dicotyledonous slems, by the formation 
of secondary vascieular tissue through the activity of cambium. Seooo- 
dory increase iu roots is etTected by a similar process of new cell develop- 
ment from a layer ot cambium cells. There ia nn initial difTereuce, how- 
ever, as to the origin of the cambium. It will be remembered that in roots 
the bast and xylem bundles are ananged radially, nnd not collatonUly aa 
in stems ; now the cambium from which the secondary vascieular tisaae 
is generated arises in the parenchymatous tissue behind the phloem 
masses only, and very soon, owing to its activity, new or seccndary wood 
is formed on its inner or medullary side, and secondary bast on its outer, 
or against the inner side of the primary phloem. A cambium layer 
appears in front of the primary xylem bundles, but this will merely pro- 
duce parenchymatous tissue to keep pace with the thickening of the 
stem by woody increase. From this dale increase in thickness goes on just 
M in stems, and the secondary wood may or may not subsequently coalesce 
with the primary. 
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proceed to Loch Thamuna-bhaidh, as the neai-est harbour south of the 
Islands*, and liere lay in a good slock of patience. If it has been blowing 
grntly for say four days from W.S.W., make your first venture. Sail 
round the islands, examining the spots where your captain says lan<ling 
can be made. Probably you find a surf rushing fifty feet up the cliffs. 
Shoull tlie wind run refund to tlie north, seek harbour in Loch Garloway, 
Loch Roag ; in order to hold a vantage start. Here lay in a 3<»coiid stock 
of patience, but hold self and irew ready to turn out, even at tlie moment 
they feel most ready for turning in. 

Should it fall "flat calm" when you are within six miles of the islan<ls, 
during your next venture*, and you feel that you must draw heavily upon 
your stock of patience, do so by all means ; but spice abundantly with 
determination, and kee[) hanging on day and night by the islands, for 
your chance is now or never for a month. If on jumping ashore after 
your companions you come down cninch on one kn^e, you be dragged by 
th<'se companions half fainting beyond the sweep of the second surge (the 
first has gone over you to the neck), you lie for a fortnight on the deck 
of the yacht with yoiu* knee strapped in bandages, and of the colour of 
a copper Indian from tincture of iodine, and if ycm carry a notch in your 
kneepan to your grave, still be thankful — yon luu'e (jut your t<f/*rim^u. 
You may have escaped worse things than a notched kneeimn ; especially 
if it may have chanced that your i)ilot was the same as he who h.ul charge 
of the Lively when she lately tried conclusions with the Chicken. 



How to Prepare a Rock Section for the Microscope. 



It is not necessary lo inocure expensive slitting and grinding machines 
for this purpose. In the production of a large number of sections elabo- 
rate instuinienls save time and labour, but for all oixlinary work, such as 
the preparation of a dozen sections or so, a few simple tools will be found 
quite sufficient. Let us see how wo can prepare a gootl section without 
the aid of a lapidary's l»ench. 

The following articles shouhl be procund: — 1st. A good get»logi<-al 
trimming hammer and chisel.^ 2nd. Two thick zinc or la))-nietal plates, 
each abtait 12 x 15 inches in surface, also a slab of plate glass of the same 
size. 3rd. A AVater-of-Avr si one, or a .-^lab of marble. 4lh. Fnierv 
)»ow<ler of three kin<ls — (i.) Oakey's No. 50 or 2So. 00 hole; (ii.) Oakey's 
No. 90 hole ; (iii.) Oakey's finest flour emery. i)lh. A few bits of >tout 
win«low glass cut into pieces of about an inch square each. 6th. Some 
hardened Canada balsam, nuide by heating ordinary liquid Cana<la l>als.'un 
III a sand. or water bath, until on cooling the balsam become as banl s\9 
ice ; it may be |»ut up in the form of rods of sealing wax. 7lh. (Canada 



iTliese may be o)>taiuf«t lioni .Mr. Rmselb 48, E^Hex Street, Straud, LoiuioHv 
W.C. 
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HEBRIDIAN GNEISS. 



From tlie Flanimn IshiU'ls, x 25 ilianiftters. 



/. Felspar ; q. (Quartz ; //. Tlomblonde. 



On the Hebridian Gneiss of the Flannan Islands, by ^r. 

FoRSTER Heddle, M.J)., F.K.S.E., Etc., Professor of Clieiuistry in tli« 
University of St. Andrew's, Past-President of the Miiieralogioal Society 
of Great ISritain and Ireland 



It 18 alwayp well to begin at tlie be^innin^'. Sections of s(»veral nnk:^ 
will, from time to time, l)e laid before <mr contributors : for rocks, e(iually 
with the i>etids of flowers, the win^^s of insects, and tlie feat Ik-is of birds, 
are thin «;» of beauty; — perhaps more than these do tliey disclose the 
f^niiw of constructive power, the adaptati(m of means to an eutl. Wt» 
begin at the beginninc;, that is, with the oldest rock, — tbe tirst bri<k of 
the edifice, — the deepest film of the crust of the earth. We know down 
through or into that cnist for about twenty-eight miles. Not that wi» 
liave everl)ored a hole nearly so deep as that, or could have j;on(» to the 
expense of 80 doing to supply an illustration ; but that convulsions and 
elevationR and denudations have to<sed up, or brought within onr reach, 
portions whi<:h originally lay even so deep down. 15ut, tobe ]»erfectly precise, 
it ha« to be said that the rock which forms the llebri 'es, conferring upon 
these bancn islands their sinuous ccxist lines, and their niL^ged crests, 
is not altogether and absolutely the deepest known of any jKUt of the 
earth's surface, though it belongs or j>ertains to that which i?*. That 
oldest rock is found in the Gulf of St. Lawrenen in Canada, ami this 
rock of the Hebrides is a little higher in the scale — a kind of ft/ijtrr 
rnuft to it Jt is so old, however, so deep down, that (Ikikie haj)j)ily 
has called it the *' Floor of Kurope ;" anil more hajjpily, antl with pr*)- 
phetic prevision, our forefathers commonly, and somewhat jauntily, but 
with dignity profound, wen; wont to sjxak of *M)1<1 Scotland ;" and is it 
not now generally admitted, that, if not an uneducated man, ho is an 
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thoroughly waslied in water, and still further reduced on the next plate 
with finer emery (No. 90 hole) until it is tolembly transparent and of uni- 
form thickness throughont. 

7th Prixjess. — Rewafih well in water, and progress carefully with the 
grinding on the glass plate with fine flour emery. During tliis pDce-^s 
the section ought to be constantly examined under the inici*oscc>pe until 
the desired degree of thinneiw has been attained, when it miy Iw finished 
off with care on the Water-of-Ayr stone or on the smooth marble slal). In 
the case of the Flannan Islands Gneiss, the nmddy-green material, or 
hornblende, ought to appear clearly greenish, and when placed under a 
singly rotating Nicol's prism ought to ho seen to change in colour to a 
brownish hue ; if the crystals appear black instea^l of green, then th«» 
section is not thin enongli. 

It is sometimes useful to have lx>th thin and thirk sections, but, as a 
rule, the sections ought to be transparent enough to enable the observer 
to tlistinguish ordinary printetl letterpress through them. The sections 
may combine tliin and thick parts ; it is always easiest to prepaii* them 
thus ; to liave the edges thin and the central portion thicker, and thest' 
are more useful than uniformly cut sections, whore only one specimen is 
available. To attain unifoi-mity of thickness, when the ct^ntre happens 
to be perversely thick, a slightly convex grindinj^ surface, such as n 
turneti disc of wood or metal, may be used with the finest flour emery, 
or with jeweller's rouge, or rotten stone. 

8tu Process. — Pour a little benzol into a saucer, or better still, into a 
white porcelain saucer-shaped artist's palette.^ Gently heat the square 
piece of glass with the adherent section over a Ihmsen or spirit flame ; as 
soon as the hard balsam has been melted, tlie section may be rt'Uioved 
with the edge of a penknife into the benzol, and allowed to soak the 
for about five minutes or more. A soft camel's hair brush shtmUl bo- 
used as a lifter ; with a little aire the section, however thin, may In- 
transferred on to a glass slip into a drop of balsam, and covered in tli*- 
usual way with a thin covering glass. 






IThese i>alette»«, wliicb are far more useful tlian w«tilii;las<0'', may alwAy* Ix' I*^ ' 
rurffl from MeKnr». Rowiiey, of 52, KatlilM>nc Tlace, liOiuiuii, \V. 



tr MuTVPri^yJvI- SbiJn 




UMAN SCALP H S 



Popular Microscopical Studies. 



THE SCALP. 



I1<)IIIZ)N-TAL SbCTIO^J OP HUMAX SOALP. 



Double Staixbd. 



X 130 Diameters. 



Etymology. — Sculp, ■>rSkalp, ?t. {S/tdp, Sr/ailp, in l>iit.ch), ineaniri«5 
liierally llio skull ; criinum ; ln-jiiii-puu ; also, tint p;irl of the irilo^'ameriL 
of tlie head u-smlly c »vi;rel with hiir; iicrice, the skin of the head, or i 
piirt of it, with tie hair hi'l-Mij^in.,' to it, torn off by North Auiericui 
Indian warrinrs as a tok'Mi of vict«>ry. 



IXTRODUCTOKY REMARKS. 

If we luokupo'itheskiii of the he;ul merely as skin, with or witho'.ii Inir 

covering; it, this is i?xai:ily a-; we oii;^ht t> d'j : it is really only intc;,'!- 

meiit, 8ii<-h as is f.mn.l all 0V(;r, or nwarly all over, the body, und»T a 

mixlifieil form. It has all the pi-o])ert.ies of skin, ami its hair has all Mk' 

properties of hair, bni. these are in many ways peculiar. For examj)!", 

uo part of til ? skin of th* Ixjdy. except that of the Invul, can be mo fd 

upon the p.ifLs beneiith to any perceptible degr^'C by any mechanism 

flpecialiy attacIiMl to ii. If the readier has noticed a lly ali^dit on 

the flaiik.s of a liors**, iw will liave observeil the skin of the llank ([iiivtT. 

ami tlie fly dislod^^eil. The skin in this rei^don has the power of move 

lucnt, not residing' within itself, but a sheeL-like, delicate muscle, called 

the ^MttnicnlHjf cttniusttM^ his the power of vibratin;^ the skin to and fm. 

This is so in many quadrnjieds. In human beinL^s, then; is a musclr 

iHfnKalli the skin of the head, which can move the skin backwards and 

f'lrwanl*. Tliiri is called tho fXr'/y>/Yi>-//*"/'^rt/ An", becatise it is attachedly 

liie <fccipnt at llio back of the head, ami to the frontal bone at the front 

"I the lieaiJ. The t^calp sits quite loo:scly upon the bones of the skul!, 
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with thismuscle between the two. In most people, this muscle is iiover 
exercised, so that it remains thin, and weak, and quite incapable of 
drawing the skin of the head backwards and forwards, except to a very 
limited extent The hTiman ear lobrs have also two or three little deli- 
cate muscles, which man, having liL? hands always at the ready, never 
exerciser Now, with perseverance in their regular exercise, these little 
muscles of the scalp and the ears can do their work very efficiently, 
indeed. The writer has seen an old Rlinburgh professor, who used t<> 
insist that most muscles were under the control of tlie will, if one liked 
to exercise that will, who could and did demonstrate to his cl.ass every 
winter this fact in a ri^niarkable manner. He would say: — "Gentlemen, 
L<»rd Dundreary asks his brother Sam if he (Sam) can wa-wa-wag his left 
ear." The class would be in a roar to see the old professor's ears going like 
flappers, and his scalp brought almost over his eyes, then drawn quite as 
far back as it had been drawn forwanl, to the unbound* d delight of his 
audience. Another peculiarity of the scalp is its great vitality. If 
the skin of any other part of the bo<iy be severed, the chances are ten 
to one that it withers and dies. With the scidp, however, this is not sa In 
accidents people sometimes get scalped as effectually as a Ped-skin would 
do it for tliem, such as by the wheel of a cart or carriage running over 
the head. Now, an enterprising sui-geon, would quickly wash the 
scalp free of dirt and place it upon the skull, and with care ami 
the aid of suitable dressings he would expect it to adhere, and in a 
perliaps low percentage of cases, his expectations would certainly be 
realized. Other peculiarities, such as baldness, loss of its hair during or 
after certain illnesses, &c., will be referred to subsequently. 



The Hair. 

The hair of the scalp has also its peculiarities, but we will not stop to 
treat of these here, but at once proceed to consider the common characters 
of hair, whether on the scalp or elsewhere. A hair, then, consists of : — 

1. A Root, 

2. A Shaft ; and 

3. A Point. 

The root of the hair is lighter in colour and softer than the stem. It 
swells out into a bulbous enlargement or knob, and is received into a 
recess of the f^kin named the hair-follicle. We will j>ass over thi?* 
at present, as it will be better demonstrated in a subsequent issue of t^ 
vertical section. 

The sfem, in its transverse section, is well seen in the accompanyin«Z 
lithograph. The stem is usually cylindrical, especially as it emerges fronm 
its pit, or follicle, but in natural hair, growing to its full length, and not 
interfered with by the razor or scissors, the stem becomes giatlually 
smaller towards the ])oint. The length and thickness vary greatly ii"» 
individuals : in the different regions of the body ; also in the various 
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races of mankind. In the straiglit-haired mccp, the individual liairs arc 
coarser and tliicker, and the section more circular than in the woolly- 
haired races, in which the section is smaller, and oval, the hairs hcing 
sometimes markedly flattened. The section is larges. in the North 
American Indians, Chinese, and especially in the Japanese ; light-coloured 
hair being usually finer than black. The stem, aj^ain, is surrounded by 
scales, which lie upon the surface exficlly like the slates on the top of a 
house ; that is to say, one scale overlaps another. Within this sc.aly 
covering is a fibrous substance, which in all cases constiiutos the chief 
part of, and, often, the whole stem, but in many liairs the axis or centre 
hi hollow, and occupied by a kind of pith. This is so in our present 
section. The outer coat of scales is stained with carmine : the midille 
fibrous coat is a very pale blue, whilst the centre cavity can be well seen 
to contain a brownish, granular-looking mass — the pith, or luedulhi. 
The latter, in some cases, tills the caviiy, but in others it has shrunk, and 
left the sides. The fibrous substance is trjinslucent, and may be broken into 
long fibres, which, when separate, are found to be flattened. These fibres, 
agaui, may be further found to be made ui> of flattened fusiform cells. 
Very slender elongated nuclei may be seen, also specks containing air, 
caused by minute cavities. These air S|)aces are abundant in white 
hairs. The medulla or pith does not exist in all hairs. It is abirent in 
the fine hairs covering the body. AVhen present, it occu[»ies the centn^ 
of the shaft, and ceases towards the point. It is seen to be darker than 
the fibrous j)art when viewed by transmitted light, but by reflected light 
it is white, its colour being due to particles of air. It is composed of rows 
of soft cells, containing fine granu-.es and air. 

Viewed with a low power, it will be fuit her observed that the hairs and 
their follicles are in groups of three and four, more rarely two, and very occa- 
sionally they are single. Each hair, with its fr)llicle, has caccompaninicnts, 
of which the most conspicuous in our present section is the sebaceous 
^'land. Tninsverse sections of these glands are very beautiful, htie ev(My 
tell of the gland and every nucleus within its cell being mapped out ]>y the 
<lelicate staining reagents. As we see these sebaceous glands now, they 
appear round or pear shaped, according to the way the gland has ^ cen cut. 
These glands are like jiears in shape, the stem of the pear being ui)pei- 
ni'»st, and the body hanging down, swinging, so to speak, by the >'uU' r»f 
the follicle. Therefore, if we look at one cut through the **siem," we a\*- 
really looking into the nnmih of the gland, .and we find it round and of 
small diameter. There aie very few in thepiesi nt instance: the ni:ijori:y ot 
the glands are cut across their middle, e-pecially the upper i»ait of iiienii«hi!e 
— the deptli of the se<:tion just allowing the bott(»m .)f the gl;.n<l lo he j>ir- 
sent, and this is seen almost without altering the focus or our low powrM. 
Besides these sebaceous ghunls we see minute bundles or niasse>o! fihi<.-, 
quite iriegular both in shape an«l size, stained a very j»ale bine.* Smail 
«fq/f shaped nuclei stained red reveal tiie naiuie of the-e litiie bodi* - ; 
they are parts of the minute muscles of the hair follieles or niu.-^ h:-. oi 



iTbe artibt has chosen a part of the section wliere theuft an; quit*, ab.-ent 
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the lmii'8. These will be seen at length in the subs(?qiient vertical 
section as sk-ndor bundles of plain mmciilar tissue connecieil with the 
hair follicles, but general ly arising by a number of very small bundles 
from the under part of th«j corium. In otluT woi-ds, every hair h:is its 
little muscle to ** make it stand on end," and every liitle m'lscle arises 
or takes its origin, or fixed ])oint, in the under surface of the corium ; 
the-e minute origin bundles then unite : pass obliquely downwards and as 
one bundle, take insertion into the outside of tlie pit or follicle holding 
the hair bdotc the sebaceous glands. Of course, in our present section, 
that part of the shift (-o to speak) of the muscle is cut across which is 
on the same level or plane as the sebaceous glantls ; therefore the fibres 
and staff shaped nuclei of the muscle are in focus together with the 
sebaceous gland cells. 

Again, every group of hair follicles, etc., is seen to be surrounded by 
open wavy fibn^s which are loosely woven around each group and stained 
a very pale blue. If we observe carefully we shall see parts of these 
fibres interlacing within each group, dii>ping into each group, and 
twining around eacli component of the group whether hair follicle, 
or gland. M«'8t fibres are seen to surround the hair ft)lliclt»s ; 
we trace them with greater difficulty as they surnmnd 
the glands. These fibres go to form the areolar tissue as it is 
technically ciUed. This tissue holds the same relation to the other 
parts we see ln're that tlie racks of a wine bin hold towards the bottles. 
It acts as a support to the hair follicles, sebiiceous glands, blood vessels, 
nerves, etc. The spaces in this tissue communicate freely, and allow 
liair w.ishes and other medical applications to reach the ivots of the hair, 
the blood vessels and nerves of the scalp. The si)aces of thi'« tissue do 
not exist in the natural condition uf the body, but the whole tissue forms 
one unbroken membrane. The chief use of this cellular tissue is to bind 
parts together as in the present case, whilst by the laxity of its fibres anil 
the permeability of its spactis it allows pans to move freely on each other, 
and att*ords a valuable si)ace for the escape of *' waste hum- )Ui"S " ami 
infiammation prodn<;ts. Tliis cellular tissue consists of two kinds of fibres, 
whiti^ and yellow. The white libres are easily distinguished, cLs they run 
in wavy bundles, which interlace with one another. The yellow fibres 
are laiger than the white, and briinch and anastomose freely with one 
another. The great elasticity of the skin everywhere is due to this 
cellular tissue. If, for example, a cut he made in the fresh .«kin, as it lies 
on the body, the edges of the cut immediately gape, and the sur.;(H)n has 
to draw them together wiili a suture or to unite them by means of stick- 
ing plaster. Tliis cellular tissue is very interesting to lay reailers who 
havi' hail experience of medicines injected under the skin instead of Ink- 
ing taken by the mouth. It is into the meshes of this tissue that the 
]K)int of the syringe penetrates. In a few seconds the medicine traverses 
every jiart of the bndy, because this areolar tissue is universally dis- 
trihutfd: the lihres of muscles : the various organs, nearly every pari is 
ennjHM'ted bv this tissue. 
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-0 I'-Jin-iCa:?. 



the rarioa.« deuil< 'w^rv t>.L-t iz. t;-!.* 7-:r:i::il =^;:::::- 

We aaw ihaz :Le loiirs : zLr -^lh'.^- :v-ir«* ir. -rrir^re::::;*:!-.- .f ;"...te. v.u-n? 
orleHL VTe alio^^v :Li: ■::L.Lrr;::v-r :>.*::.■ wj^ in:cr^:vt.z. .Lin : ^ :::o 
groups, and iiip^<«i ic^j ea.-i -rr*. :i ini •i::r:::il':ii ::s : ::i?:;:i:c:::* : ,i:;xl 
we farther were able :•• •iis;:-,"::*^ :L-r \i:::is :d::s ::: e fu:*.'. : ;:* 

onter epithelial coverin.-. ::5 nhr::* :<::: -. in I ::•? L-C:^^ i^:^::. 7 :"..^r\» 
or leM filled wiiL pitL. 

1 1 Wiif! ob?*: r V t.-» 1 : i ii: : h- 1 ; ^ : rs w e r • ■ e-d-.- i i «. on: • <scr\i of .1 r.\ : , .1 ***: l 1 1 : , 
and a poinL In neiiher prefu.ra:: il ^jaia ::.-:.?c i!i Iv teo::, : r «.lnio:;N 
reaaoiiif : the point Lj.-. of nc.es.-iiy, l-.-eii •.:: away ::i :":■•:■ I. rLv.;;al 
A^ion, whil.-t in tL;.^ vertii al acclion 110 hair :< sliort t inv.^h l«' Iv 
included. Tlie n-o: of the Ii.iii-s i.- wtrii j-en. as a fair :t'v vir.i.i^o 
have been juitt in the pl,iii»: *A lii*.- :^t:^;ti«ju, wiiL-t othtis haw- Ikih al\»\o 
the plane of feetion, a> tlie piece has Iain iu the well of iho iiiia\»:oiiu\ 
and liave, therefore, b»-en wholly or in jxirt cut away. 

Now, we !«ee the hair follicle, i»r i»it in wliicli the shaf: aiul i\h»; »'f i\w 
hair are placed, in jKrrfection. The hair shiift and root just li; \\w foUulo* 
except aniiind the i-o«>i, wliere the follicle is not ijuile iu ciMUacl 
witli it. The>e folliele.s are really the s*kin of the scalp tinned inwaids, 
Hj to Hi»eak, as we can see even wiih a low power : the pan ncaivj^t \\w 
hair shaft and niot is epidennic Vnihv^ cnnfintotita with ihe cuiicle, whilst 
the remainder is dermic and continuous with the coriuni. Just at the 
Hurface the follicle is wide and not in contact with the hair. This part is 
cidled the mouth of the follicle. The part where the h-wisl en 1 of the 
mouth joins the part in close contact with the hair sliat't is called the 
neck of the follicle. If wc divide the hair follicle into four eipial paits 
or <juanei-s, we see tliai the scliaceous gland of the follieh' occupies the 
length ' f the two middle quarters — that is to say, the ^el^a^'l■ous j^laud is 
half the lenj^th of its cornjsiK>ndiug follicle. We have n«>w the oppoiiu 
nity of seeing the shape of the sebaceous gland : it is pear -^hape^l, as 



was before pointed out, tlie stem of Ihe pear beiug uppermost, ond now 
seen to be the gland duct opening into the follicle about ono fourth of the 
distance from the skin surface. Allowance must, of conrsp, be made for 
the planes of the section we are viewing being uneven — thus, whilst 
one plane mny by chnnoe he parallel with an entire gland, and 
show the whole gland, another section may have a different 
plane, and we may only have the stem of the cells composing the 
comparison), or the jmrt of the body of the pear remaining. 
In the latter case, we should nee the cells com])osing the 
gland at a distance from the corresponding follicle, and having no 
apparent connection with it whatever. In the section the writer has 
under a tow power (1 inch) of his microscope there are about twenty 
hair shafts and foUicIeg, or parts of these. It is difHcuIt to count them, 
as some appear in two parts, upper and lower, two hits of shaft, or one 
bit of shaft and a bit of root, and so forth. It must, therefore, be 
remembered that for descriptive pitrposes nn author in writing, and an artist 
depicting by a drawing all the parts of a hair and its surroundings, must 
either be uncommonly lucky in possessing a section having a plane 
parallel in its entirety, with all the parts he wishes to depict, or he must 
make ji}> a diagram, constmet it from the bits and parts he can see, and 
which lie knows, by contrasting with other parts, belong to one another. 
All this is, microscopically, hi-^^hly educating ; indeed, the learner cannot 
do better than construct an entire follicle, its contents and surroundings, 
from bits of the parts, then compare liis drawing with as entire a 
structure as his section pi'esenls, or with a good diagram of a follicle, 
such as he will find in numerous works (the 2nd vol. of the 9tli ed. of 
" Qnain's Anatomy," pagii 217, for example). 

Now, from what wo have written in the previous number and iu thie, 
let the observer make out the following : — The medulla, the fibrous suV 
stance of the hair, then its epidermic covering. The root part presente 
its thickening or liair knob, with its denser impregnation of brown pig- 
ment granules. He will see at the very bottom of the hair bulb a 
lighter part (a portion which tmnsmits more light) this is a 
depression in the bottom of the root, a depression H}tw<trd» really, 
which adniitw a papilla. Observe now that we are viewing a papilla, such 
aa wl< see on the surface of the skin, mtik far beneath the level of its 
fellow papilliG and hearing its modified epidermis (the hnir), just as its 
fellow papUlce near the surface bear their layers of ftimmmt epidennil. 
In this way we see that hair is modified epidermis. Not only by tracing 
the papillffi of the surface and those entering the bottom of the bulbs tOt 
we see that the Imir is only epidermis in another form, but we sea HbA 
the epithelium, or epidermis, and the hair have bcluived alike in abeori>- 
ing the dye, they are both brown. 

In the present section, we see the little muscles which make the hnr 
" stind on end " to great perfection. They take an obliiiue iliiectictli 
and get inserted into the side of the hair follicle, not the boir, jtMl 
below the sebaceous gland, therefore, when the Imir is erected, the whoi* 
follicle, with its hair, is moved. These little muscles will pnule tb* 
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observer, if he be not careful to remember, as we liave already pointed out 
in Bpeal(iii|,r of the follicle and itii contents, tbat tiie plane of the section 
maj be parullet with one entire muade and elieu' it from origin to inser- 
tion, and otlier muscles may be cut in any part of their length, even two 
OF three bit^^ of the same muscle may be risible. In this case, we find 
bite of muscle scattered throughout tlie section, with apparently no uae 
or motive. We can recognise them, liowevcr, by their staff shaped 
nuclei ami fibrous appearance and blunting direction, and know how 
they come to be there. 

see also the dense areolar tissue interlacing all over the upper 
third of the section, whilst the lower part of the section transmits more 
liglit, and is made up of well-defined tissue, subcutaneous tissue, with 
wider meshwork holding fat 

After observing that every hnir root ends in this so-called subcu- 
taneous tissue, and is, therefore, surrounded by it, most excellent training 
on be gut fitit of the dense upper third of the section. Scores of little 
meaningless (T) bits are scattered through it. The hrst thing which 
itrikes the aticution is the ground work, so to speak, of fibrous con- 
nective (areolar) tissue. In this we see bits of muscle of all sizes from 
entirety to almost notlung -. then we see scattered bits of sebaceoua gland 
Iknown by their well-marked polygonal outlines and one welt-stained 
nndeus, and bo forth. In other words wo must look for the various 
pftTts divided in their various planes and expect to find the same 
■trncture, the erecting umscle for example, presenting totally different 
fonna according to ihe plane oftte geetioii. Much trouble would be saved 
to learners if they would first study the various as])ects of the saine 
ttructure in its different planes : this he might do without a microscope 
with a bundle of penholders or a lot of straight str.iws tied together, etc. 
Cat a common object in ditferent planes and view it. To this knowledge 
He would have to add the appeai'ance presented by a part of an object 
U by using all powers stronger than an inch, only one shallow plane of 
object may be in view. Thus, for rough comparison, take one's 
breakfast egg, and we see on looking down upon it not only the 
top) but all the egg, because our naked eye penetrates all the planes. 
a W6 take an object corresponding in every particulur, position also, and 
Tiew it under the compound microscope, we find, as we lower the tube, 
the top of the egg appearing as a small round object, with ill-defined 
outline ; and, as we lower the tube, this goes out of sight, and gradually 
have a wider and wider, and better delined cinfa; then this circle 
agnin gels less as the tube descends. We sec one shallow plane of a 
thing ottly at any given period, but the ]>art may he so minute that all 
;it8 planes are visible at once. 

When, in searching the upper denser part of our present section, we 
come upcin a bit we cannot make out with our best general searcher, the 



I 



inch objective, ( 

fourth, or higher power still. 



r not far from this, we must subject it to i 
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Mode of Preparation. 

To prepare scalp for sections to be made of it and mounted perma- 
nently it is requisite to harden it in spirit, or some other medium. The 
present section, or rather sections, were hardened in spirit thus : — they 
were first placed in methylated spirit and common water, half and half, 
for thirty-six hours, then they were transferred to pure methylated spirit 
till required. Afterwards, they were embedded in carrot, and sections cut 
with a razor in the well microtome of Mr. Stirling. 

The sections were double stained as follows : — First they were placed 
in an ammoniacal solution of carmine for a few minutes (5 to 10), made 
as follows : — 

Pure Carmine ... ... 60 grains. 

Strong Ammonia ... ... 120 minims. 

The canuine is to be dissolved in the ammonia in a test tube, if neci^s. 
sary, by the aid of a gentle heat and then filtered, and the filtrate added 
to a filtered saturated solution of borax, four ounces. After this they 
are washed in spiiit, then transfeiTed to acidulated spirit ten minutes 
(meth. sp. 5 parts, hydrochloric acid 1 part). This corrects the ammonia, 
and clears up any diffuse staining, besides brightening tlie whole. The 
acid is, in its turn, to be washed away by placing the sections for an 
hour in pure meth. spirit. After this they are to be stained in sulph- 
indigotate of soda, two or more ounces, for four or more hours. This 
solution is thus made: — Take a saturated aqueous solution of sulph- 
indigotate of soda, and add two drops of this to an ounce of methylated 
spirit when required for use. 

The sections are then to be mounted in balsam, after being placed for a 
few minutes in oil of cloves. 
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i: preservation of Itii- individual lifi; ft any |iiirticulHi- 

I eoncemeil, the only phj'siologicnl dulicn reijuinxl to )w [M!T> 

S by the organism are ihwfi every-dsy opemtiotiit conneclwl with 

Ipiration nui) nutrition ; but ns it is ueceaeary nt an curlier ot Inter 

o[ life to tunke sioiiie provision for llii! preiMrvalioN of the 

a «pecinl physiological (unutioii at tliifl time maiiifiiBLK itM>lf, 

^teg, untlerfavuimible comlitioiiR, in tlie jirodu^tion oi off»i>Tinn, 

" ^ttr oDgly iiiheritin*; tlio Htnictiirul cUamLUriBtieii, uodun i>f Kruwtji, 

I pecalinritie?, aii<l Bit forth of the {tareul, cairy furwuril to 

lUraUoii tliB rlirect line -4 specific deicent. In tliu litglitir 

Full events, this nll-iinportant provixion i« eiFecleil by tliit fur- 

j^aabrj/oa contnini^d within ntniclurea known ow tbii k-ihIm, each 

' ■' ' direct outcome of a sexual ocl; that in to wiy, ii in 

vnlher ita duTelupmental growth ia initialed by th« co*aI»)>cenco 

1 of protophum differiiijr very ninch from one another 

„ .'■ "nd derived either from different pnrlH of tin: witiie plant 

i.wliat is perliaps more usual, a dilTercnt ptunt Hllotfclber. 

r female element couuerned in ttie proceu, i* a Ktiitionury, 
9 of naked protoplasiu, lying within a eouipiinitively larjze 
Knvity culled llie miibryo-iKU, which iti a Mpeciiilly devcloiied eul>- 
il cull of the QVnIe, oi incipient seed ; wliiUi the aiwrm or male 
■ore developed, gi-neriilly in j^reitt ntimlierB, within uHiially largo 
lakes, known an the anth-.r celli. Each nmiis M small, usually 
■ rounded, and becomes early inveeled with a cellulose cell- 
I AVenlually dilferentiales itself into two IrtyeVs, the inner 
KjBXcecsively lliin end unmodified, while the outer (,'rnduaU,v 
^ into n surface of cork, specially nitupted lo net aa a 
the Bperni protoplasm, which, sunner or inter, is dirstincd lo 
udied, and to lead, under favourable conditions, a nhort yet 
Hit enistence, removed from the strucluro wiihin which it wiu 
For it should be known, these sperm mneses, or pollen 
, as they ure calk-d, have thia special physiological function 
I perform in the reproductive economy of the plant ; they have 
1(0 curry to the germ miiiw the necessary protoplasmic material, or 
I liighly spccialiBed t^exuid foud, which, by n process of transfusion, co- 
I Uinglea with the femnle element, and enables il to start a process of 
I G^jwlh, and series of developments, which end in the formation of f 
E tmbryo. After this duty is performed, the activity of the pollen cease 
I tod it quickly dies. 



But in order to understand the exaut raale by which the sexual ;ict i» 
eSeclet], lot us study as a typo the poppy pknt, snd therein observe how 
the germ masH receives the fertilising contents produced within the 
sperm or pollen grains. The orulea or organs contninin;; the ;;emi i 
are themselves contained in special vessels the oixtrif.i'. The ovarv is thi' 
youngest or central structure of the fiower, and in the poppy it ia large, 
oblong ur aubglobular, surutounteil by a conxpicnous discoid cap, com- 
posed of a number of radiating and coherinf; itigma*, which have 
surfaces specially developed for the reception of tlie pollen grains, and 
whii'Ii also, at a certain period, secrete a stimulating fluid th«t lenJa to 
encourage the growth of the sperm protoplaain. 

Now ill plants, lilce the pea, for example, we have an ovary of a mnch 
simpler nature than we find in our type. There, as every one knowti, 
we have an elongated ovary which, during the formation of the seeils, or 
peas, ripens into a pod. The ovary bus a single cavity, and may b« 
looked upon as a loaf which has undergone a sppcial development, 
wlierehy its opposite lateral margins have become inflexed and cohoring, 
while from tlie antural line of cohesion ovular outjtrowihs arise at in- 
tervals along its entire length. Such n leaf, producing in this way 
female organs of reproduction, is called a carpel, and the ovule-beating 
region is known as the ptacfnt'i. The ovule is usuidly borne on a stnlk — 
the fiintrh- — which is the connecting cord between the parent and its egg, 
and Biirves as a channel for the cnnveynnce of food and air to the yoong 
embryo during its growth within the embryo-sac. 



In tnlija and lilies the o 



1 find i 



1 corapounl struolnres composed of 



three anch carpels 

growing feparnte from iti neighbou 

anemones, tbey cohere along their sides, forming a structure which, 

when cut across, shows that it has an internal arrangement of thne 

cavities, or " cells," with the ovules growing to the acute inner angle of 

each cavity. 

But we may have an ovary where the carpellary leaves arc united after 
adifl'erent fashion. In violetsand in the mignonette, for exum]ilu, the ovaries 
are composed (unually) of three carpels each, yet, as may be cosily seen, 
the structure is oidy one-celled. Ilere, however, it is evident that «acb 
carpellary leaf ha.'' not been folded in the oitlinary manner, so as to fom 
a separate cavity for its own ovules prior to the coliesion of the carpels 
among themselves, as was found in the lilies, but that the adjacent 
margins of neighbouring and but slightly curved or open cariMillary 
leaves have become united, ho as to form one large cavity common to all 
the car{icl9 ; and that, therefore, each of the three soinewIiFtt swollen 
placentic seen on making a transverse section of the ovary of n pansy is 
formed by the cohering margins of two similar but individually distinct. 
carpellary leaves. 

In the poppy we have also a niulti -carpellary ovary ai.il one. too, 
where the arrangement of the caqicls follows the same geneml plan 
found prevailing inthevioleteandmignonelte. Thecarpela produced inrach 




flower are, howerer, more namerou-'i — t«D ht'mg a cmdiuou number — and 
Mch bein^ just aliylilly curved nnd the whole ten being arranged circa- 
larljr vritli tlie ojijkmkiI ^ides or margins of nci^li1>ouriiig leaves coliering, 
in the violeb>, we have, as n structural residt, tlie fomintion of tlie 
dunuterislic oblong or sub-globular ovnry of our type. The placeuUe, 
whicli, aa we luve wen, are just iJiihlly swollen in the mignonette nre, 
in the poppy develnped to an enormous extent. They stretch themt^elve-t 
ontintotbecnvity of the ovary a1moi<t, if not <iui!e, to the centre, forming 
t circle of vertical plal^fi from the bro^id surfaces, of which the numerous 
ovules spring, so that in a lliio tninf<Terfe section of the wh<ile oi^an, as 
haa been uiade in the itccompanyiiig preparation, there is clearly dis- 
played, even to the unaided eye, the outer, or ovary widl of circular oat- 
line, with a number (ten or thereabouts) of radiating ovule-bearing 
bands, each attached by one end to the inner si>1e of the ovary wall, 
wbile the other is lying free at the centre, or in the vicinity of the centre 
nf the section. By Rtst examining the sectiun with an ordinary lens, 
then with a low power of the microscope, and finally a representative 
portion of the ftrnctnre, with such a power as that under which the 
accompanying <lrawing was made, a comprehensive knowledge of thu 
whole will be gained with n little study. Imbeddeil in tlie ovary wall, 
and opposite the origin of each placenta will be seen a section of a fifaro- 
Taacular tissue cord, which has been cut across. These twigs carry iip- 
^ wanio the iiourl-'faingsnp to the gT.)wing ovules; the cords being in direct 
stractural coimeilion below with a similar system, which ramilies 
thioughoiit the entire poppy plant. The placenlffi are priocipally made 
up of a rather loose celluLir tissue, through which, however, run liny 
Utetul offshoots from the ])arietal fibro-vascular cord, and which them- 
■elrea send off iHlerally into the funicle of each ovule, a very fiuo twig 
eonvenienlly supply, as beforesaid, the growing embryos with 
BBsiinilated sap. 

The section represents the ovary at a time prior to that of tjie fertilisk- 
lion of the ovules, but before describing the act of fertilisation, it will 
be necessary to learn timt the ovule proper is invested in a double uoat, 
everywhere continuous excepting over a spot which is opj>osite to the 
•ub-opidenual embryo-sac ; hero an inconspicuous opening is left, which, 
in boianical terminology, is known as the microjiylf. Then, when the 
(«male element is ready to be feriiliseil, the stigma "ripens," that is, it 
fnlly extends itself, becomes sticky, or otherwise prepares itself for the 
reception of the free-moving male element, or pollen. After the pollen 
reach ea the stigma— aud the conveying agent may be the wind, 
inscclp, or simply gravitation — it immedistely liegina to grow by 
■ending out a tube, bounded by the extended inner covering 
which, on first lengthening, bursts through the outer and corky coat of the 
the grain. The growing Lube pushes itaelt into the subsLiince of the stigma, 
and cfintinuiug its growth downwaitla, enters the cavity of the ovary. Here 
it finds on ovule, nnd, entering it by way of the micropyle, the end of the 
tube carrying the sperm substance soon approaches the germ moss and 
fertilises it. After this act the fertilised mass begins to grow, aud, fed by 
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its parent, eventually develops itself into a now individual, wliile, at tlio 
eame tinio, the ovule is being gradually transfurnied into & seed, and the 
ovary iuto a fruit. 

The conatitutjonal vigour of llio seedling, its own inherent reproductive 
powers to le afterwards displayed, the number of seeds prwluecil, and 
BUeh-like important niattere bearing u\ion the plant's vitality, depend 
largely upon the comparative relationships that exist between the fertili»- 
ing masses. For example, the relationship niuel not be no distant that the 
sexual eleroonts are derived from sourues outside the same natural 
group; wliile, on the other hand, it ha.'j been proved, over and over 
^in, that, in the majority of uase.s at all events, self-fertilisation — that 
is, the traikeportation of pollen from the anther of onu flower to tb« 
stigma of the same flower — rioea not bring about the best progeneralery 
results. Perfection of the highest order can only be attained when tlie 
ovules have been cross-fertilised — that is, when tiie stigma of one flower 
is fertilised by pollen derived from the anther of another flower. 

Now the form, arrangement, and number of parts, periods of ripening 
of anther.'' and stigma, colouring, time of flowering, hours of opening, and 
other matters in connection with the matured flower, have all more gr 
less important bearings upon (he act of fertilisation, and in the niajoritj 
of plants, tend to obstruct or enlirfly prevent eelf-fertilisntion, aud 
encourage the more beneficial reproductory act of crossing. 

If the ferlilis!ition la to be efl'ected by means of inseuts, then 1 lie dow«n 
have generally showy, easily-seen, and attractive pelais, alrntwt always 
sweet or otherwise scented, while tiiuy often also develop nocinnes, bo 
placed that to reach them the winged visitorH must brush past, push 
themselves against ur walk over some florid organ or organs, so that while 
tbey are contentedly sipping the honey, the jiolten is being either col- 
lected by seme jwirt of their hairy bodies, or else being removed from 
their dust-covered bodies by the sticky Hurf»ce of a stigraa. 

On the other band, if the flowers are wind-fertiliseil, then the flowen J 
are small, green, and inconspicuous, ahsoliiLely scentless, and cerlftiuly J 
without honey ; and instead of tlm stigma being more or less knob-lik 
and sticky, it is often cither cut up into a tnssel-like structure?, or eli 
densely hairy, so as to increase the chances of collecting the wind-bom 
pollen. Compare the ahowy flowers of the poppy, fucbsta, and lioneyS 
suckle, for example, with the inconspicuous flowers of oak, liazul, willow 
or oats ; while the broad and pint form-like, and consolidated "tigma ti 
poppy, as compared with the two, long, slender, densely liiiW ' 
diverging stigmas of oats, clearly show that tliwe or; 
are specially adapted for the performance of snraowliat 
ferent functions, one in fact for insect and the other for wind ferLiliil 
tion. In the jwppy itself each flower proilnces a great many antht 
and these, borne on rather long filament^ stand erect and cloaa uouL 
the radiating stigma. The petals are very large, and, being brifihl 
coloured, are hence very attractive to insects. As the flowen dorii 
secrete honey, they are, therefore, only visited by pollen-seeking ii 
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which find the broad stigma a most convenient landing stage. The 
anthers, moreover, burst before the stigma ripens, and the pollen is thus 
liable to be, at least in greater part, removed before the stigma arrives at 
its full maturity, leaving it, therefore, greatly dependent for its full 
complement of pollen upon supplies brought to it by the pollen- dusted 
bodies of insect visitors. It is likely, however, that many of the ex- 
tremely numerous ovules may be fertilised by pollen derived from 
their own flowers, that is self -fertilised. After fertilisation is eflected, 
and embryos are being formed within the embryo-sac, simultaneous 
changes of a profound nature are also taking place in the struc- 
ture of the whole ovary. While the now useless petals and stamens 
are dying the two coats of the enlarging ovule are getting firmer and 
tougher, the outer becoming more or less coarse, and well suited to act 
a« a protection to the rapidly forming seed. At the same time the ovary 
walls enlarge, get perhaps, somewhat stouter, and lastly drier, then when 
^e contained seeds are able to live independently, and become detached 
^m the dried up placenta plates, little valves open at the upper 
end of the seed vessel, immediately below the eve of the persistent stigma 
ttd from the pores or openings so formed, the small, almost round, or 
kidney-shaped, pitted seeds can easily escape at each bending of the stem 
in the early autumn breeze. 

At another time we will attempt a closer study of the anatomy of a 
^, and trace the early independent growth of the embryo when thus 
<letached, and removed from the parent, together with the more important 
physiological facts connected with the phenomenon of germination. 

Enough, however, has been said, at present, to explain, in a general 
*ay, the structure and use of the flower and to broadly indicate how 
*ind and insects may aid the plant in the dissemination of its pollen 
<?oabling it to produce many and healthy seeds, and especially how in- 
^ts, following their instinctive tastes for bright colours, strong scents, 
*fid sweet fluids, are unconsciously developing in plants a diversity of 
floral forms, encouraging a brilliancy of colouring and increasing their 
*cetit-producing and honey-secreting capacity ; and that, therefore, the visits 
^i insects have a decided and very important influence upon the plant's re- 
productive results, and those flowers that are the greatest favourites with 
*be winged hosts of bees, flies, butterflies, and moths will be the most 
prolific, and will be the progenitors of new individuals which, inheriting 
*he habits and structural peculiarities of their parents will, still further. 
Perhaps, in their turn, develop those characters which influence the 
^♦•stiny of their race. 

Method op Prbparation. 

The ovaries from which the accompanying preparations were cut were 
**Wined from the just opening poppy flowers gathered in a cornfield at 
^^ding in the month of June last. 

. After separation from the other organs of the flower they were placed 
^ common methylated spirits for twelve hours, after the lapse of which 
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time they were removed, embedded in carrot and cut with a sharp 
razor. A hole of sufl&cient size may, by the way, be easily cut out in the 
carrot with the barrel of an ordinary pen. 

After cutting, the sections were placed in distilled water for a few 
minutes, in order to soak out the spirit. 

From this, they were conveyed into the staining fluid prepared by 
adding five drops of Martindale's logwood solution to one ounce of dis- 
tilled water, and allowed to remain there for about one hour ; they were 
then removed, washed in distilled water, and placed in rectified spirits 
for two or three hours to remove the water, afier which they were taken 
out and floated on the oil of cloves contained in a large watch glass. So 
soon as they were observed to sink they were removed and mounted in 
Canada balsam. 
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A GRAIN OF WHEAT. 



The common Wheal plant, of wliich tliere are several cultiviited 
-TBiieties, is an erect annual with fibrous roots ami a round, unbranched 
ateni, bearing long, narrow, sharp-pointed leaves, pnrallel-veined and 
flfaeatliing at their buses. Tile eheaths, which tok^ the form of apHt 
tabes, spring from well developed, ring-like nodes, and run np the hollow, 
glossy intemode giving extra strength to the weah, slender stems, which, 
in the Autumn time, carry elongated, heavy, terminal heads of densely 
crowded grains. Each properly developed grain contains an embryonic 
wbfiat plant, produced after the manner hitherto described witli reference 
to the common Poppy. But here the organ that becomes detached from 
tba parent, after the embryo has attained its full stage of structural 
tlevelopmeut and physiological independence, is not merely the ripened 
ovule or seed, but the seed closely invested in the adhering coats of the 
matured ovary walls, hence, strictly speaking, the grain is, in reality, 
% fruit. 

The ovary or incipient grain occupies a central position bi the floret, 
•ad is a amall, sub-globular organ, terminating above in two, long, hairy 
■tigmaa. the ovary is a single cavity, and contains a solitary ovule, 
growing erect from its base, and all but large enough to fill (be entire 
eel). Surrounding the ovary are three stamens, with comparatively large 
Jellow antherfi, carried on the ends of long slender filaments. The flowers 
being either self- or wind-fertilised, can derive no benefit from inaect 
lisitB, and hence well-formed, conspicuous, perianth leaves are never 
developed, although rudiments of such organs may be found in the form 
of two minute scales, lying outside the stamens in the frontal aspect of 
the little flowers. 

Several florets, each protected by two opposite chaffy investing leaves 
(glttmex) grow closely upon short slender stalks, while further, tliese 
bronchlets of associated florets, protected moreover, as a whole, by two 
outer and larger glumes, are seated upon platform-like notches on opjwsite 
•idee of the flowering axis, forming, altogether the well-known car or 
tenoinal, compound, spikate, infioreecence of the plant. 

After fertilisation is efi'ected, and while the embryo is being formed, 
A steady transport of nutritive sap sets in towards the seat of reproductive 
activity. Some portion of the foo>l thus conveyed is immediately used 
up in the construction of embryo tissue, while other portions go to build 
Tip within the ovule, but outside the embryo-sac, u comparatively large 
mass of cellular tissue, known as the Eiido^pennK In these endosperm 
cells all the remaining food, that is, the food not required for purposes 
of present growth, is stored away as a reserve of nourishment for the 
luture wants of the offspring, forming an ever ready, although limited 

'Sjnonyin* : — Ftri^^atn, "a&unun." 



supply of easily available and exactly proportioneil food, to be eventually 
used by the embryo wlieit removed from Hi pareut, and, after a lunger or 
shorter period of rest within iJio gram, it enters upon the germinating or 
primary life period of individual existence. 

During the enlargement of the ovule, and its conversion into a eeed, 
its out«r membranous cout becomes couBucnt with the inner or lining 
wall of the also enkcging ovary, and thus it is, that the grain that subse- 
quently f alia away from the ear is, as was before stated, a true fruit, or 
in other words a ripened ovary, containing a fertile seed. 

The structure ol a fertile wheat grain is the subject of our present 
study, but, before attempting a microscopical examination of the uccom- 
panying preparation, it would be well to procare a few whole groins of 
any variety of wheat, and, after sonking them in water for twenty-fonr 
houre or so, proceed to make a careful preliminary examination of same, 
so far as can be made out with the naked eye, and a simple or ordinary 
pocket lens. 

The grain is somewhat ovate in form, and plano-convex, and is sur- 
mounted by a persistent tuft of short silky hairs ; the plain sido is 
traversed by a deep longitudinal furrow ; while at the base of tlia convex 
side is a pit in which the email embryo is imbedded. Under the dissect- 
ing microscope the outer membranous investment (the fruit wall or pfri- 
carj'J May be easily removed, and the true seed akin or testa exposad. 
The testa, it will be discovered, adlieres rather closely to the body of the 
grain, but over the embryo, where this adhesion is very much weaker, it 
may be readily detached and pulled aaide, revealing the naked plantlet 
for more easy nnd clearer observation. 

The embryo, as viewed in position, conaists of a shortened " collar," 
produced above into a blunt but rounded cone-shnped bud (the stem-bud 
01 plumule) invested in a smooth-surfaced sac of translucent tissue. B7 
carefully opening this sheath, or better still perha{ia if it is dissected com- 
pletely away so as to well expose the enclosed bud, the rudimentary 
stem-leaves may be nicely displayed as they lie closely crowded together 
upon the apex of the tiny axis of the plantlet. Springing also from the 
collar, but in the opposite direction, is a broader structure with two or 
more short, lateral protuberances — the embryonic root (or radicle) with 
iLa rudimentary, lateral rootlets, or secondary roots as they are sometimes 
called by l)otaniats. 

Behind theae structures, in fact growing from the jwEtorior surface of 
the collar, is a more or leaa shield-hke structure (the ncaMlum), in the 
concave or frontal side of which the main portion of the embryo li<ia ; ita 
other or convex side being closely applied to the surface of tho before 
noticed pit, and hence in immediate contact with the endosperm matter 
of the grain. 

The embryo may next be extracted from the pit, and its difTerent 
parts again examined. By allowing it to alightly dry, an additional 
structure, a short, median flap of tissue may be seen arising from the 
collar in front, just at its junction with the radicle. 



Having Ihua obtaided a good, general notion of the relative positions 
of the differeiit etnictures of the gritin, the HccompatiyiDg preparation 
may now lie examined. It may an well be stated, however, that before 
the grains were cut they were placed for between twelve nnd twenty-four 
hours under conditions favourable to germination ; the sectioiia were then 
made and afterwards stained with carmine solution. 

Using a low power {aay one inch obj.) make out the following : — 

1. — T/ie pericarp or outer coat of grain, detached in many places 
from seed and often thrown into vraves : burst completely at 
base owing to the alight lengthening of the radicle during its 
short period of germination i outer layer, large-celled. 

2. —The tasta, or seed coat closely attached to endosperm, bnt 
separated from embryo : celts very narrow giving the layer a 
somewhat fibrous appearance- 

3. — The eiitloKjierm (a) outer layer of cells, cells large, square, and 
filled with stained protoplasm ; nuclei, distinct, intensely 
stained, (b) ittner exlengive linsue of celU, cells, large poly- 
gonal, filled with a granular colourless matter (starch), 
contaiuing, in addition, protoplaem, which may or may not be 
stained. 

i. — 27ie embryo, entirely cellular, made up of 
faj collar, abort, broad and central. 

fbj raili'de, being a downward prolongation of fa), rounded at 
tip : cells oblong, arranged in longitudinal row^. 
fcj eoleorhim, or root-sheath springing from (aj, and com- 
pletely investing, but not adherent to (bj excepting at 

(dj plnmtile (a) outer closed ahealh (cotyledon of some), (b) 
enclosed hud of rudimentary or atem-leaves, (e) Seulellum 
(cotyledon of others), arising from (aJ, then spreading upwards, 
and continued beyond tip of plumule aud downwards to same 
level as tip of radicle, or to ita point or junction with the inner 
side of the coleorbiza : outer layer of cells, narrow, oblong 
their distal ends tonchipg the endospenn, (fj short vtediun 
fiap arising from anterior face of (a). 

Using next the J-inch obj., re-examine all the structures in the pre- 
|>Btation, making out particularly, however, the oval grains of starch in 
the endosperm cells [3 (b) above]. Tliese grains vary very much in size 
I {stated to be from 10-lOOths to 6-lOOths of an inch), and almost com- 
pletely filling the thin-walled polygonal cells. Under the increased 
magnifying power the tissue of the embryo will be also seen in further 
de^il, showing distinctly the cell'Wall, protoplasm, and central nucleus 
of each individual cell, 

la addition to the protoplasm there are other nitrogenous 

bat non-living materials contained within the endosperm celU, 

which is given, collectively, the general name of gltdeti or 
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albumen ; while also contained within the same cells are various mineral 
or earthy salts — suhstances of a highly essential nature in the physio- 
logical economy of growing plants, and these are spoken of as the ''ash/' 
as they form solid or non-volatile compounds when the grain is humed. 
According to Prof. Church^, the following is an average per centage com- 
position of wheat grain. 



Composition of wheat grain in 100 parts : — 






Water 




... 14-5 


Albuminoids 




... 11-0 


SUrch 




... 69-0 


Fftt 




... 1-2 


Cellnlose 




... 2-6 


Mineral Matter or Ash ... 




... 17 



Respecting the chemical composition of the ahove constituents, it may 
may he noted that the albuminoids contain at least five elements — 
carbon, oxygen, hydrogen, nitrogen, and sulphur ; while the starch, fat, 
and cellulose contain only three — carbon, oxygen, and hydrogen. 

Cellulose is a rather complex chemical substance, formed through the 
activity of plant protoplasm, and is the material out of which the cell- 
walls of all plants are formed. 

Concerning the various ash constituents, the following table, taken 
from Warinqton,2 will give the best idea as to their approximate 
quality and quantity : — 

Average composition of ash stored up in the grain produced by a crop 
(30 bushels) of ordinary wheat, in lbs. per acre : — 

Ibe. 
Sulphur 27 

X CiLftoU ••• ••• ••• ••• ••• ••• Vfl 

^OUtt ••• ••» ••• ••• ••• ••• vv 

1 Jllllv ••• ••• •• ••• ••• ••• Xv 

Magnesia ... ... ... ... ... 37 

Phosphoric Acid 14*3 

Chlorine... ... ... ... ... ... 0*2 

Oil ii^gl ••• ••• *•• ••• ••• ■•• wv 

From what we have observed, together with a knowledge of the 
chemical facts put forward in the above tables, we learn that the 
embryo of the wheat plant is a structure made up entirely of thin- 
walled cells filled with dense nucleated protoplasm, only differing from 
one another so far as size, shape and general grouping are concerned ; 
that, lying behind the plantlet and packed away in cells still retaining portion 
of their protoplasm is a quantity of formative material or readily- available 
food of a nitrogenous, carbonaceous and mineral nature : and, further, that 
this food-bearing tissue is closely approached by a broad plate of living cells 
— a lateral off-shoot of the emhryo, a specialised structure, whose functional 
importance will be presently recognised when we pass on to study the phe- 
nomenon of growth as displayed by the germination of the grain. 

iSouth Kensington Museum Science Handbooks : Food, by A. H. Church, M.A. 
SThe Chemistry of the Farm, by R. Warington, F.C.S. 



After the wheat-grain becomes dutached from the old or parent plant, 
he conliiined embryo may enter upon ft temiwrary period of rest, but B' 
soon ns Ihe external conditions are favourable to the performance of (he 
various functions of life, the young plnntlet will start upon a regular 
coarse of individual existence. These indispensable, or encouraging 
•onditions of seed-growth are, as every one knows, warmth, moisture, and 
fresh uir. 

Tlie actual range of temperature within which germination may take 
place, i*, in the case of wheat, and according to Sachs, from about 5°C., 1o 
37* or 3S°C. Eiijoyiufi a temperature within this favourubje rnnge, the 
embryo will slowly absorb a certain amount of water from f 
earth, in iiuantity just sufficient to give to the cells a distinct turgidity, 
as the protoplasm refuses to take up this fluid beyond a particular degree 
of eatii ration. 

The possible energy of the protoplasm, however, can only be mani- 
fested and sustained, through the constant oxidation of complex oi^anic 
compounds containing carbon. The protoplnsm itself, but more often 
carbonaceous compounds dissolved in the cell tay, are the materials that 
undergo this process of chemical destruction ; while it is to render oxi- 
dation possible that a free and constant supply of fresh or oxjgcnaled 
u'r is so important during the life of the plant. The reduction of 
organic compounds by oxygen, under the influence of living protoplasm, 
tnults in the liberation of heat and Ihe production and evolution of 
Urbonic acid gas : while it is this heat, as before staled, that sustains the 
tital energy manifested by all working cells. The perfoinianco of this 
iwpiratory function resulls therefore in perpetual waste of body sub- 
stance, and unless the embryo has some means of obtaining formative 
material to conntevbalance this unavoidable loss, the plantlet must 
ultimately and of necessity die. But we have before seen that the 
tndosperm contains a considerable quantity of foimative material stored 
tny in its cells, and it is from Ihis source that the now active embryo 
draws, not only supplies snRicient to counlerbalance waste, but enough 
lo enable it to grow. The varioua food constituents contained within 
the endosperm cells, exist how ever, in an insoluble condition, whereas only 
soluble fooiisore immediately available for purpoaesof growth, moreover, the 
nutrient matters in this case lie in cells at some distance from the em- 
biyo, and these can only suffer transportation after their conversion to 
■ state of perfect solution ; therefore before the food can be ulilised the 
embyro must exercise an important influence over the contents of the 
endosperm tissue, bringing aliout certain chemical changes in the starch 
and albunienoids, that will render easy the conveyance of these sub- 
atances from cell to cell. 

From recent researches concerning the real nature of the relationship 
existing between the cellulose-bounded protoplasm in multicellular plants 
il would now seem that the entire hulk of protoplasm enclosed in all the 
wJIs of living tissue, is continuous by means of slender threads that pass 
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(hroagh holes of coiTcsponding iinonoaa, left in contiguous cell-walls, and 
tliut as this continuity is csjiecially noticeable in endosperm ttsau^, 
yrv niay aafel; presume the existence of a direct continuityof protoplasm 
from the embryo into and through all the cells of the endosperm in whidi 
the living plosnia still persists. At all event?, when, under the influence 
of external favourable conditions, the potential energy of the embryo 
becomes active, a power, starting from the embryo, is conveyed along the 
proloplasmic substance into the endosperm or food cells, and works 
certain changes in t!ie insoluble materials prior to tiieir absorption for pur- 
poses of growth, Possibly a secretion or secretions are formed, which, 
acting chemically upon the diilerent reserve materials, bring about the 
needful conversion. However, while germination is going on, ihe starch 
is gradually resolved into sugar, which of course is highly soluble ; the 
fat IS probably reduced through oxidation to stai'ch, and eventually 
transformed into sugar; while the albumenoida are converled either into 
asparngin, — a soluble nitrogenous substance, sometimes found naturally in 
plant saps, notably in young shoots of individuals of the ]>ea family, — or 
into peptones, highly soluble, proteid bodies which possess in a high degree 
the property of diffusion. 

AU these altered, and now soluble, substances are slowly drawn to, and 
absorbed by, the broad-surfaced scutelium, and pas.=ed forward to the 
embryo proper. The nitrogenous materials supply the protoplasm with 
the proper formative material required for the building up of its own 
substance, while the sugar not only supplies material for llie construc- 
tion of celhtlose, or cell-wall material, but may also, in part, he oxidised, 
and hence utilised for the generation of lieaL 

But irnnsforniation of food into tissue can only take place when cer- 
tain inorganic elements are present, and at the disposal of the active 
protoplasm ; and of these, phosphorus, potash and lime, ore certainly 
the most indispensable during the difTerent stages of germination, and 
from the figures iu the table, quoted above, we know that these suh- 
stanoes exist, in comparatively large proportions, iu the ash. 

While the food materials are being absorbed, the ceils of the embryo 
— and especially those of the radicle — stretch and nltinialcly grow by 
bipartition of cell at the apices. Tlio rudimcntaiy rootlet-protubcrsncM 
soon burst the close apex of the more slowly growing colcorhita, and 
emerge as slender, colourless thieads, as shown in Plate 6, Fig. 1. The 

{ilumule, at this time, has also pushed itself forward, the sac-like conical 
eaf keeping pace, in its growth, with the enclosed rudimentary, but 
developing foliage, binding the separate leaves well together, and leading 
Ihem safely upwards, through the particles of earth, into the outer air 
and quickening sunlight. 

As the embryo grows, the epidermal cells of its elongating rootlets 
throw out a great number of hairs — as may be seen in Fig. 3 — while the 
oldest leaf of the now surface-reached plumule bursts the apex of the 
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A aunt or matxi. 



eaabeathing leaf,'— as is alao sliown in tiie twaa ft^ — aad twii^'- 
len^thens itself by the iodividual enlorgenteot of its eoaadtacBt rrW * 

Aboat thU time the at'jre af aouri^Iimeat eonUined witUatlMCBd*- 
aperm cells will be entirely exhausted, or nearij ao, tlHM tfarowug Ab 
yaung plant completely upoa iu ovn re*oaroas, aiuf benee faHMlJy* 
maU-rials, similar to tbose iiptn which the uptaaUag eubrjo wmwumdf 
must now b« manufactured by the plant it«eU, to enable it to ^ktj tm 
all subsequent growth and development. 

The roothairs, as they ^w, become clofely tdhncnt to tbe p artld ei ol 
soil, so much so, indeed, thut U the plantlet bee«Rfid]yii[itooled,awltbeB 
rather roughly shaken, the inur^'aQic partidea will be MM to ittll flnaf j 
cling to the crop of hairs (Fig. 4), and these tender MnKtam willcrca meat 
readily break awuy from the parent rootlelj, tbaa put eoBpsay with tb* 
tiny fragments of attached earth. If theae roothain be eaicfuJIy waabeid, 
and examined under a proper magoifyin* power, this paeadn nni'm may 
be easily observed. In Fig. 5, is repreaenied the tip* of threw roothaira^ 
of difTerent ages, which illustrate the gradual mrtamorpbof of ibta* iav 
portant oigsua of absorption. It is obvioua that in a aoi^ wtut* than » 
a sailable amount of moisture present, all Iha icadil/ aohiUe esttJMnlU 
will be easily taken up by these hair*, in Ibe otdiiuf; O 
of water, that — subject to a favourable temperatme -ji i 
place, from the surroundin:; soil ; while DV«r ami b^a«d tbia, t£s pnM«- 
pUem contained in the n»i-hairs, exennMi^ hj rirtoev H»r ha [>e,ii<a> aefd 
necretion. a solvent power upon the moro JilBwilt eouiUe aalM (pdM* 
pliatea for example), and thu4 in<:rea*<>, eooMdcnUy, IJm fttmM§t 
of valuable earthy matter, daily collected by tha pbaL 

The now unfolded leaf performs aerenl wj iapoitM* tametiom i« 
the physiological economy of the plaaL It ■MHtaetun* lUfirf^ tut 0%. 
ample, it takes in almoapheric air, and penuto like mbI|h i4 wilaw 
guoe, and it freea the plant of supnflooiu «tlcr by a mean «( |«m»> 
piration. In structure, the leaf it acitBp'Mitd of eeiwal Jaywra of ««fl«ir- 
Isces, interrupted by the iwxalled vetm, th« tndjfidaal Mlb hi mrm* (4 
the layers being so looaely arranged thatinleraeUalarapaCMam ir«rjr«M|, 
mon in this part of the tisaae ; while all of tlicae eella wmUiti aettffa pto* 
topUsm, in which green -colon rcl bodies ai» «nbaiM«d. A Ujfr *tt 
flatter, more closely- fitting, colonrlCM eefk, wbiiA have mUi*(f bnl 
their protoplasmic contents, form a rarbe* ho9a4*n layer, aty/VM •«<) 
below. Some of the celU in both of UtM* andevauJ l«y«ni, liwiuwl i4 
passing into orUioacy eptdermal celfa, ntoiB tJiMf fmU>pU»m, Mitt ■UfuUip 
into the guard cells of ^Mcial ofwimifi or IWMlai TImm Mlts ntn 
semi-lunar in shape, and are always AkuHmUi ia pair*, or. 1 .'r.i,^<.d «, 
that their concave faces are opfioaila to OM aMiliJ-:, „ 

minute ovaJ p a wa g e leading dijwcfy isis the ><. 
of the leaf. Tba «naii-ooloiif«l b«liM abnv* nf' 
grains of protoplaam, wUcb, m ytai w wa of - . 
(juanuiie* of ifoo, togttbar wttb DornMl *«p'«g/i 
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light, beeiHiM so colouted vith « pigment known ai chlorophyll 
lh«Mgr««n caIIe oUhe ieif, stiirch is m.tnuEoctured. and Ihs nw matoi'tnls 
kt liw (lispoul o( tiia cells are carbonic acid >,'ia (COi) obtainod from the 
ait and water (HjO) absorbed from the soil Thoae, under the influence 
of auoMiEpoaed, c hi orophy IE-boa ting proloplAsm, are, at all events, partially 
dostioyed, and Ihoir elements re-arran^d to form the ternary organic 
compound, starch (C^HigO;). Thia stamh may remain in the calls of the 
leaf during the hours of sunlight, but at night it is slowly converted into 
sugar, and carried backnanl to feed the protoplasm in the darker rej^ions 
of the plant's body ; that is, not only may sugar be used by the active 
protoplasm for purposes of oxidation and for the constrnction of new 
oell-walla or the strengthenii^ of already- formed tissue by the elaboration 
and deposition of fresh cellulose material upon old walls, hut it may, in 
part, be used for the formation of albunienoids, the necessary nitrogen 
and Bulphur being obtained from simple nitrogenous and sulphur- 
containing compounds dissolved in the sap. All tha water, as well as the 
whole of Ihe various chemical ingredients required by the working cells 
of the plant, not only for the maintenance of their individual vitality, 
but also for the construction of new tissue elements, are, with the 
exception of carbon, obtained from the soil through the active agency of 
the slender root-hairs : hence the importance of these organs in the plant's 
phy Biological economy. 



EXPLANATION OF I'LATE 6. ' 

Fif/. 1. — Germinating Embryo of Wheal ; the leaves of the plnmule 
still included in theshcath Ic.if, while tlie rootlets Imve some- 
time burst the coleorhiin (:ifler Bocquillon and copied from 
Gbow.v's Manual of Botany). 

Fiii.2. — LonyituUiiiiU section of grain in stage represented in 1. The 
Scutclhini lying against substance of Endosiwrni, and th^ 
internal structure of tlie bud stem, are piirticularly displnyeJI * 
(Copied from Brown, op. cit., .) 

Fig. 3. — Further stage in germination — the oldest plumuleleaf lias bur.^*- 
the shealh, while the rootlets have developed rootltair-^* 
{Copied from Hooker's Primer of Butani/.) 

Fiij. 4- — An uprooted plantlet showing close adherenceofsoiltort 

(After Sieha, cojiieu from his Hamibuch der Experim 
Hiysiologio der Pflauzen.) 



rimM^H 
ilsti^^^ 



—Tips of roothaira (strongly magnified) in three diffdrent si ,^ 

fvliowing more closely the intimaie connection between cf>* 
particles of earth and the walls of the hair (Sach ; op cit-> •) 




THE COMMON BULRUSH. 



,, Bulrush is a well-known, reed-Uke plant, with Ull, lUtcIj, poktr- 
iUfcii flower-hoads, found by margins of lakes, sidesof ntreanii, in nwrahm, 
Smter^itcliQ^ and such-like aitualiona ; and freely diitrihuted through- 
oat tlie teniiierate and Ipopicnl regions of the wliole world, eapeeUllj', 
bowever, affecting the Northern hemisphere. It baa be«n nuleclM to 
iUoatrate the general atructuie of a flowering-plant, after H hu attainatl 
tbe tigfi ol full maturity. 

The erect, leaf-bearing structure is, in reality, a branch, and aprintc* 
fRtma prostrate stem, imbedded in the mud-uovered bottom of tho dit«h, 
illfa creeping, Ihickish stem, known as a rhizonui, piodnce« from itt 
tiim a number of elender, spreading rootlet*, that not only help to koa[i 
Uw plant hi'inly fixed in position, but are sUo fanutionally wnc«tn«d in 
tltt intakiiig of food. 

"While liie nL'rinl portions are of mere annual duration, the rhix/inm la 
IVeimtal, throwintr up year after year, in each returning MpriitK, tltt 
4Me^ herbaceous structures that will complete their growth lung uvaii 
btfera the end of Autumn. The rhizome keeps its younger or aplaal 
toA liways in a liielologically primitire condition — that i*, it* tiMU* la 
mad* up entirely of cells, which are rich in protoploaoi, ami mill ratnln 
llu power of self-division; each a tissue is known at mrriiitmii. Nair 
ttUsart! being conlmually formed in this region during the {mrlidl iif 
*tt(fe growth ; those that are pushed hick, or Mt behind by Ih* nhiwly 
Mhnnuing growing point produce hy different devefojimenlxl IIiim itt 
giowth, all the various merabets, organs, and ayatem* ol tiwu* fiiiirid In 
Mat mnture Bulrtiali plant. 

The ai-rial branch arises as a tiny, latenal rnaaa of menNt«ni mIU, upon 
th« surface of the cone of growth, at a little dirtance hnhiml llw aitrani* 
apex. This luxuriant assemblage of cells becomca a Mnwriidaiy lujita (ff 
growth ; it growi slowly, perba|is, at Kni, but in timn prralucM a Mrlaa 
of lateral protuberances that arc the mdinienta o( leavuB, TliaH priliil' 
tive leave^i, growing mote rapidly ilmn the apex of tlw siia that prmliieH J 



them, and tlio cells of the under sides growing a trifle faster than thoae of 
the upper, tend to curve themselves over the still nctive apex, producing 
a atruclure known as a hiul. Tlio older or first-formed leuvea, tliat is, 
those lying on the outside of the group, are not destined to become green 
or foliage leaves of the plant ; they become somewhat different in form, 
coarser in texture, and loss succulent — in fact, they act fuuclionally as a 
protection to the younger and more tender loaves within. The youngest, 
or hist-formed lateral processes of all, from this secondary axU, develop into 
rudimentary, pollen-bearing and ovule-producing organs, after the pro- 
duction of which the apical region becomes exhausted, and at once ceases 
to grow by division of cells. 

The bud structure now described is just completed in the late summer 
of the year previous to its appearance above the surface of the mud, 
ready in the next succeeding spring to shoot upw-irds with a rapid grovtli 
principally by the combined result of mere iudividuul elongation of cell. 
To feed these buds, the Bulrush plant stores away every year within ths 
cells of its rhizome a considerable quantity of starch and other necessary 
food atuffs, upon which tlie young shoots are nursed until they can 
assimilate formative materitds for themselves. 

The folinge leaves of these freely-growing shoots are long, narrow, and 
linear ; they are provided with well-developed sheaths that completely 
clasp the stem and contribute in no small degree to its strength. Tha 
poker-like head of minute, densely packed flowers is carried some dUUnce 
beyond the insertion of the uppermost leaf by the growth of a consider- 
able length of bare, rigid stem. The flowers are 1-sexual, but both male 
and female are upon the same individual. The staminate Sowers occupy 
the higher position on the axis, while the pistillate florets form the 
lower, extremely dense, velvet-like portion of tlie inflorescence. 

If a leaf be broken across it will be seen that the veins are formed of 
long whitish tlireada, which may be easily traced backwards into the 
sheatb, and from thence into the stem. Here, the threads run with a 
gradual, downwanl sweep towards the centre, approaching which they 
bend and make their way with a. still more gradual course towards tlie 
periphery, eventually thinning themselves olF, after following a line 
sometime parallel with the surface of the sLem, It is this crowding, 
as it were, of the attenuated end portions of the tough librous looking 
threads towards the circumference, that gives to the outer portion of 
the stem its characteristic firmness, enabling it to uphold it«elf erect, 
and support the heavy, cylindrical head of densely-packed florets. 

The further structure of the stem may be conveniently made out by 
an exaniiiuition of transverse and longitudinal sections, such as are dis- 
tributed with (his description. It may ha seen from the transverse 
section that in the stem thr-re is an outer boundary layer of cells — the 
«}»'<^mtH— enclosing a moss of ground tissue, or cellular matrix, in wliich 
tlie cut ends of the threads before noticed are seen to be embedded. 
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From tlie longitudinal eection vie learn that these isolated BtringB are 
nia^le up of Dairow, elongated, much thickened cells or fibres, and wide 
continuoufl lubes, formed by the coalescence of longitudinally superim- 
pORed cells, piexenting banded or spiral thickenings upon the inner 
I surfaces of their walls. They are known as Jibro-vascular bundles. 

Tliese specioiised, histological structures arose in a sub-circumferential 
region of cells (a ring, in transverse section) Ihot, retaining for a limited 
period their primitive power of growth by sub-division, formed a secon- 
QBTy meristem region, in which new lisMic systems were readily initiated. 
The fibro-TBEcular bundles are formed in this tissue within certttin ' 
prescribed boundaries. Some of the cells grow individually as it v 
they attain their mature form, lose their protoplasm, and, still retaining 
their cell identity, become peiTuanent ; while others may be described as 
being decidedly social in their growth, seeing that from the first they are 
amuigcd in longitudinal rows, the individual cells of which become in 
time completely fused, while tbeir sepaniting end walla becoming 
eventnally ruptured and absoibed, produce the long tubes or vessels so 
dearly olMervable in the longitudinal section. 

As new tihro-voscular bundles were formed in tlie region of secondary 
meristem, the older bundles were simply pushed lownrd^ the centre, 
until, the activity of the meristem ceasing, no further additions were 
1e to their number. The cells of the now spent meristem become at 
voce the seat of special individual growth and modification. Their walls 
become first very much thickened and afterwards lignitied, producing a 
liMue system of considerable strength, and well shown in the transverse i 
■e«tion, just a little beneath the Epidermis- It has taken up the green 
jtein, and is known as the thickening ring. 

a this aeries to describe minutely and technically 
to be observed in any particular preparation, but 
Te may direct attention to the general arrangement of parts in one of ihe 
fibro-vflscuiar bundles. To the inner side of the bundle is a group of 
woody fibres, and to the outer side a conspicuous patch of liber cells, 
with very much thickened walls, intensely stained with the green dye. 
Lying between tbefie are cells and vessels. Some of the cells nro thin 
walled, othera thick. All the vessels have sculptured walls, and, cum- 
peratively speaking, are rather wide, two or three of (hem indeed being 
extnoidinarily so. These bundles are functionally concerned in the con- 
r«yauce of water from root to leaf, and in the distribution of sap and 
oxygenated air throughout the entire plant. 
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which again expands gomewhat for a considerable length near its termi- 
nation, and this wider portion ia called the large intestine to ilistinguish 
it from the narrower, small intestine. The small intestine is much longer 
than the abdomen in which it lies (in the cat it is about 3J feet long), 
and OS a natural consequence it becomes very greatly convoluted. Il is 
covered by a membrane wiiich also invests the other abdominal organs 
and lines the abdominal walls. At the back of the intestine the two 
halves of this membrane run to},'ether to form a single sheet— the mesen- 
tery (Gr., /tHTos, meaos, middle ; Ivrtpov, enteron, intestine), by which 
the folds of the intestine are secured, and the whole suspended in the 
abdominal cavity. The mesentery is also the channel by which the 
various ve.^sels and nerves of the intestine are carried. It ia called a 
serous membrane, because it secretes a fluid called senim, which keeps it 
constantly moist. 

The small intestine ia without much show of reason, except con- 
venience of description, usually divided into three regions. The shortest 
of theae that which immediately succeeds the stomach is calleil the 
duodenum (Lat., duodeni, twelve) from tlie circumstance of its being 
»bont twelve finger breadths long in man. Of the remaining portion <rf 
the small intestine the first two-fifths are called the jejunum (Lat., 
jejuniis, empty) because it is usually found empty in post-mortem 
examinations; and the last three-fifths constitute the Ileum (Or., 
iikim, eileo, I roll up) with which we are more immediately con- 
cerned. 

The walls of the alimentary tube from the cesophagus downwards an 
composed of three principal seta of structural elements, typically repm- 
sented in the ileum, each having a distinct function to fulfil. Com- 
mencing nt the outside beneath the serous investment, which itself is 
sometimes puumerated as one of the coats of the intestine, we have two 
layers of muscular tissue which from the fact, patent to everyone, of 
their being beyond the control of the will, are called involuntary, 
and from the simple elongated-cellular nature of their fibre* 
and the absence of either longitudinal or transverse atriation, such w 
characterises all voluntary muscles, are called unstriped or non-stri»t«l. 
The outer coat, which is much tliinner than the inner, has its fibr«s ar^ 
ranged in the direction of the length of the intestine, and the inner co«l 
has them disposed concentrically with it, or circularly, like ao many 
elastic bands except that no individual fibre cell in long enough to go 
all round. It is by the controctinna of these coats in regular and suecefr 
sisB order from above downwards that the food is gradually forced alooij 
the alimentary canal and brought under the influence of its vnrioii* 
digestive and absorptive organs. Inieriial to these muscular Inyen^ 
which constitute one of the chief sets of structures above refen«d to, 
comes an areolar (Lat,, areola, a little space), fibrous or conneotivn l»j*i 
of loose and open structure, in which the large and nuroerons vesael* ctt 
ramify and by which the muscular layer is eonnecied with ibe thin) 
L principal coat ehiefly cellular i[i slructuve. called the mucous coat (LtL, 
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mucoB, the nasal secretion). This mucous coat is composed in the 
main of an enormous number of simple (intestine) or branched (stomach) 
tubes placed side by side perpendicular to the surface on which they 
open, and lined with a layer of cells, each one of which is a 
morphological unit or physiological working man charged with the duty 
of manufacturing from raw materials supplied by the blood some part 
of the digestive fluids. Each tube opens on the free inner surface of the 
intestine and forms the channel by which the little droplets, secreted by 
each cell, find their way to unite with those discharged from neighbour- 
ing tubes. When it is borne in mind that the total number of these 
tabes in the small intestine of the cat amounts to many hundreds of 
thousands, there will be no difficulty in crediting them with the secretion 
of a considerable quantity of fluid. Besides these simple tubular glands, 
others of larger size and more complex structure occur, but they must be 
dismissed with this passing reference. The gland cells, which are spheri- 
cal or polygonal in the deeper parts of the glands, assume by imperceptible 
g^radations an elongated or conical form as they approach the surface, on 
reaching which they become continuous with a complete layer of 
columnar epithelium, which lines almost the whole canal. 

Distributed all over the inner surface of the small intestine is an 
immense number of little conical, cylindrical, or finger-like extensions of 
the mucous coat called villi (Lat., villus, nap of cloth). So numerous are 
they, that if a piece of the small intestine of a cat be opened, washed, and 
examined under water, with the aid of a lens, they give it almost the 
appearance of velvet pile. The centre of each villus is occupied by blood 
and lymphatic vessels supported by fibrous tissue, and its surface is 
covere<l with columnar epithelium continuous with that of the general 
surface. 

The whole of the alimentary canal is abundantly supplied with blood 
vessels, which differ in the details of their distribution in different re- 
gions, in accordance with the special structure and special requirements 
of each part. To the small intestine the blood is brought almost directly 
from the heart by a large artery (the superior mesenteric) which tra- 
versing the mesentery, there divides into numerous smaller arteries for 
the supply of all parts of the small intestine, on the outside of which 
they ramify immediately beneath its serous investment, and then p<*ne- 
trate its muscular coats, to which they distribute a few small twigs as they 
pass, but do not branch much until they reach the submucous or areolar 
coat Here they break up freely, and form a dense network of minute 
arteries, which send some branches down to the muscular coats, where 
they immediately break up into capillaries ; and others up into 
the mucosa, round the tubular glands of which they fonn a close capil- 
lary investment. Other minute arterioles enter the villi and form 
capillary loops which, again uniting, form the ultimate vcinlets by which 
the blood is returned from the villi. These veinlets unite with others in 
the mucous coat to form larger veins, which in the submucosa l>ecome 
yet larger by the accession of branches from the muscular layers, and 
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finally make their exit by piercing the mHBuuiar coaW, from which in 
passing they receive a few more minute branchea. These oompamtively 
.large veini usually run aloii^'side the corresponding nrteriea from which 
they may be diatinguiahed in injected jirepanitions hy their larger aiio, 
and uniting with their fellows on the outside of the intestine beneath the 
serous coat they form a few mnin trunks which all nm together to form 
the large superior mesenteric vein. This vessel carries its blood into a 
large vein (the vona porta) which conveys it t-j the liver, through the 
capillaries of which it baa to pass before it is finally discharged into the 
main venous tnink of the body, 

Besides the blood vessels, there ia another set of vessels somewhat 
resembling small veina with excessively thin walls, abundantly present 
in the intostines. These are called lymphatics (Lnt., lympha, water), 
from their colourless contents. They commence in the centre of tbe 
villi as straight or looped tubes with closed ends, and of greater calibre 
than the blood capillariett by which they are aurrounded. In the sub- 
mucosa they form a dense plexus, the main branches of wliich 
piercing the muscular coats, hud their way to the mesentery, which they 
traverae, passing in their way through numerous glandular bodies — the 
lymphatic glands — and then discharge their contents inio a main lym- 
phatic vessel — the thoracic duct — which communicates directly with the 
central venous system. For the demonstration of the tympliatioa, ft 
special kind of treatment is necessary, and the reader must not exiiect to 
see them in the accompanying preparation. 

Having studied the machinery of the alimentary canal, let as now set 
what work it is destined to perform for the great commonwe.ilth of ih* 
body. We know that its possessor is constantly in action, for eveu 
during sleep the mechanisms of circulation and respiration — U> mj 
nothing of digestion — must bo kept going, and regidaled by the activilj 
of the nervous system, and we know also that wear and tear nw i1m> 
necessary consequences of the working of any machine, lifftless ur 
living. There is a constant loss of matter, which must be u 
constantly replaced if this state of activity is to be main- 
tained for any length of time. The cat's tenuie of life 
or the maintenance of its functional activity is dependent alw 
on another condition — its body must be maintained at a constAnt tem- 
perature, usually much higher than ite surroundings, and for the pro<]l]^ 
tion of the necesimry amount of liL-at, fuel must be snpplietL OurJng 
early life too, the animal has to do something more than mainlain m coo- 
Btant temperature and a diurnal bidance of matter, it has to iucrMM ia 
she. For all these purposes and othen, food must be introduced fr<» 
the outside world, and the duty of the alimentary canal is to redttoo Uii< 
food to a slate in which it can be absorbed and to provide faciUtia for 
its ab-'orption. The cat's food consiaU partly of fluids, partly of •oliJ^ 
but before the solid parls can be absorbed ihcy must ho dlsaulved « 
digested, a process which is accomplished by certain chemical ■'' 
manufactured by the various glands of tlie alimt'Dtary conaL 
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step la thin end, the solid [nod is redu::6d by a mecliniiic^tl proiess of 
lion or mnsiicutioii to it nUdv uf liiie division iti order tliut the va 
digestive fluids luny have free itcuesa to all partK of iU Biii)-ii.ti[ii:i; ; it 
then be carried aluu-,' hi iho ditferent regjuni of the isatial, eauh uiie o(^ 
which has a speuiGc aution on ucrtain uf irs constitneutn only ; for im^tiiiic^i 
in the buccal cavity a class of food sLnlla well repreHcnted by slumltij 
are affected, the sloniiich is specjully coiicenieil with iiiusuiilar tis-'il^, 
and the small intMlinc witli fat. The lraiisp>irtin^' ^lower reaidep, 
have seen, in the mu.juular tunics of llie alimentary canal. 

It is in the stomarh th^t provision is Hr^t made for absor]ition, for 
it is there the fond is first rendered soluble to any considerable ex- 
tent (iu caruivors, at all events) ; but the small intestine is the 
organ ])ar-exceilenee of alisorjition, and the mtians hy whiuh it ii 
specially ailapted to the perforiiiiinee of this function are twofold. In 
the first place it is made to present in a very limited >'pa<:e as 
Uri^ an alaorptive surfat'e a* jwasible over whiuh the ehyla (tlr., 
JlvKS^, chuW, juite), as the liquid product of digestlou is c>dled, 
must flow, B uondition which isMeeured by its j^reat leiigib, and is further 
enormonaly ijiereased hy the numerous villi with which it is sCnddr-d, 
and in the second its abundant bloo<J and lymphatic vesseh- ai-e hrunght iulo 
the closest iKissible rHiatioii to the ehyle, as we see iu the villi, between 
theititerioT of whose ves.-«lnand the chyle by wiiiubthey are smrounUedon 
all sides nothing intervenes but the single liiyer uf epithelium ciills, n 
few straggling connective tissue and musuular fibres, and the exceedingly 
delicate walls of the vessels themselves. Iinleed, the epithelium 
cells should properly be excluded from this category of passive 
imjiedimenta, for they are really active agents of transmission, and, more- 
over, pi'obably exereisH a st-h'ctive jjower, and so facilitate instead of 
opposing the process of absorption. The niore soluble ami dittusible 
portions of the chyle find their way by simple osmosis directly into the 
blood vessels, but tlie fat, which is nut really dissolved, but only finely 
diviiied (emulsified) and held in suspension, as in nilllc, ]Mi,iseH into 
the lymphstics, and so unlera the blood -vascular system by a loutidabuut 
conme. Whether this is due to a selective power exei'cised by the lym- 
phatics themselves, or the epithelium cells, or liy other means, is at pre- 
MUt uncertain. 

Having aided the digestion of the fund, transmitted ihe chyle into the 
blood and lymphatic ves»els, and passed on the insoluble or inuntritiuuB 
residue of the food into the Inrj-e iniestine, whence it can be expelled from 
the bi'dy, the work of the small intestine is ucuumplisheil. At this 
point the circulatory sy^tenl Ial>e.s up ihe work, and the absorbed c<m- 
stituents i>f the chyle, afler pasr-inK throu^'h cenain elaborating or nieta- 
boliEing (fir., nrrafioXii, nietidwle. change) glands, chief of which are the 
liver and the lymphatic glainis, in which they undetgo inipoi-talit 
changes, are cairied to the licarl, from whence they are dixtributed as 
cinistituelits of the hlood to all parts of the binly for con^tmclive, restore J 
tive, and heatiirg juirposos. 
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THE CRANE FLY (Tiptda Oleraeea,) 



Description op Plate. 
II nisek, e eye, a antenna, mp maxillary palp, / lobe of labium. 



Tb« common Crane Fly or Daddy Long Legs, or as it is called in some 

KrU of ilie country, Harry or Peter Long Legs, is a very well-known 
ilith insHct Its larva or grub indeed enjoys quite an unenviable no- 
toriety, fi»r the reason that the little brown, legless and worm-like 
erMturii no sooner emerges from the egg among the roots of a grass crop, 
or iputleii ]:iwti, where it has been deposited by a careful parent, than it 
Sppliat itiielf with an energy undisturbed by other cares to the one ab- 
bing object of its life at this period. Its destiny is to eat, and eat it 
list anuredly dncfi, with a degree of perseverance worthy of a better 
So f<;reat is its voracity that the roots of the grasses, and other 
ploate whero Tipula-Iarvae abound, are so completely eaten away by 
thorn that it has been found possible, over large areas, to roll 
■p the withered turf as easily as if a turf cutter had been under 
iL Vatnnilly, under these circumstances, the grub increases in 
iiM^ ami after a few months it passes into the quiescent state 
of A pn|m, and then eats no more, but undergoes a series of 
■mor|»ho4ep, resulting in the development of wings, antennae, or 
1^, oud other organs, external and internal, and there emerges 
the ground some fine autumn evening the perfect dipterous (Or. dis, 
; ptoion, wing) insect which is the subject of the present study. 



Ill oonsidoring the anatomy of the crane fly, the first point to 
Ollihe the observer is the division of its body into three distinct 
-head, thorax or chest, and abdomen. The alxlomeu is easily 
to be made up of a series of annular segments, and a study of iU 
dovelopment, a/id of its relation to allied animals, shows that the thorax 
and bead are constructed on the same type, though in consequence of 
dovelopinental changes bringing about the fusion of originally separate 
parte and the auppression of others, it is very difficult to make this out 
in the heotl. 



The abdomen is devoid of appendages, except in the femnip, an organ 
(ovipoaitor) tot the depoeition ot its egga ; but each of the tliree se^imeiita 
oftliothntdK bears a pair of enormously long legs. The miitdle sog. 
ment of the thorax aUu carries n pair of membranous wings, and tlie tliiiil 
eegment n pair of lilamentouj bodies with knobbed exiieniilies (liulteres 
or balxncers) of ynry doubtful utility; and believed by somn to be 
the abortive representatives of the second pair o[ wings possessed by most 
injects. The appendages of the bead must bo left fur more dHlaiJed 
consideration presently. The integument of the body and uppendngcs is 
composed of a substance called chlttn, resembling horn in its pliysical 
properties and forming u resisting outer case or exoskelelon, but hard in- 
ternal parts are absent. 

The internal organs of Tipulu comprise a beart in the shape of a long 
contractile tube on the back or dorsal side of the body, nn aiimenliiry 
canal with accessory salivary and hepatic glands, and a double chain of 
nervous ganglia placed on the lower or ventral side of the body, with 
one large ganglion or assemblage of ganglia in the bead above the 
<Bsophagus, and answering in function to the brain of higher animals, 
Eespiration is carried out by branched tubes {trachera) which carry air 
all over the body and limbs, and whose main branches communicate with 
, ft pair of openings (spiracles) in each segment of the body, except ihoae 
of the bead whose tracheie spring from spiracles at the sides of the neck. 
The collapse of the tracheie by accidental pressure is prevented by a 
spiral thickening ot their chitinous lining. 

The bead of Tipula is elongated in a vertical direction, as shown in 
the plato, which represents a front presentation as it is seen in th« 
accompanying^ preparation, but it must be pointed out that the 
antennae ami maxillary palpi are necessarily constrained by the 
cover glass to assume unnatural positions. In life the nntennse would 
bo extended in the line of sight towards the observer — that is at riglit 
angles lo the plane of the paper, and ihe maxillary palpi would be carried 
backwards under tiie head. The hrst objects to claim attention are tlig 
eyes. Examined under a 1-incli objective in a strong reflected light 
their surfaces will present a hexagonal (.'^omeliraea square) areolali'in, 
like those facetted lenses or spy glasses which in our childhood d«y« 
amused ami puzzled us with ibeir multifold images. The further study 
of the insect eye must be made by means of vortical sections. It will 
then be seen that each hexagonal area or eorneule, is a doubly convex 
transparent body, which must therefore act a* a lens, and tlieK 
ia reason to believe that, in some insects at all events, each 
eorneule is composed of two halves of different density, whereby the 
production of fulse colour may be avoided, llehiml the eorneule, anJ 
sepnraieil from it by a ring of pigment, which answers the pur|io»e of t& 
iris, in limiting Lhe path of the r^ys to the centt.d portion, ia u tnu>t- 
parent cone wii-h convex ends, placed with its base outwatda or next tli* 
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iris and its apex in connection with a single fibre of the optic nervo. 
All these Ftruclurcs go to make up a single eyelet or ocellite, and each is 
sepamted from its neighbour by a layer of dark pigment. The whole 
assenibhige of a thousand or so ocellites, arranged side by side, with their 
api(eb converging to one point and their bases forming the external 
corneal siufuce, go to make up the single compound eye. The hexagonal 
form is the resnlt of mutual pressure. Now, though it has been proved 
that each ocellite is capable of forming an image at the point 
of junction with the optic nerve, it does not at all follow 
that each is the analogue of the vertebrate eye, and that there 
are foimed as many complete images of its surroundings as there 
are facets in the eye ; for in consequence of the pigment separating cone 
fr«»m cone, each single nerve fibre can be impressed only by the light 
received throu«:h the single ocellite with which it is connected, and as 
the tii'hl of view of each is very small, and they are all turned in 
dilfer«'nt directions, a diflferent view is presented to each, though there 
would be some such overlap as in a pair of stereoscopic photographs. 
And then who could credit a single nei-ve fibre with the fearfully com- 
plex function of transmitting the impression of a complete inia^^e? Wo 
must tiierefore conclude that but a single picture is formed by the eye ; 
that picture may be regarded as a mosaic composed of as many points or 
pieces as there aie corneules in the eye. It must necessarily be 
inipoifect, not only by reason of the limited number of points of which 
the image is composed, but because each nerve-ending is impressed not 
only with the light from a single point, but from all points — and there 
may be many — included in its field of view, however small that may be. 

The next organs to be noticed are the antennae. Each W'U be seen to 
consist of a large basal joint, followed by a short cup-shaped piece, and 
then a scries of larger but gradually decreasing joints, the whole organ 
acquiring a beautiful form by the whorl of stiff, bristle-like hairs around 
the baj-e of each joint. It appears certain that the antennae are tactile 
organs, an«l that they serve in someway for intercommunication between 
individuals, and there appear reasons for believing that in some insects 
they have aUo an auditory function. Below the antennae, and even ex- 
ceeding them in Ien;^th, will be seen a pair of filaments, each consisting 
of four joints ; the basal joint springs from the back of the face, and tho 
terminal one enormously exceeds the others in length, and all are plenti- 
fully he>|>riiikle(l with short, stiff hairs. There are the maxillary palpi. 
They probably perform a tactile function. 

The mouth is situated below and behind, and from it springs a short 
fleshy trunk, tumid an«l bilobod at its free end. This organ is the so- 
called tongue or proboscis. In the accompanying preparation its lobes, 
which are coveied with bristly hairs, will be seen projecting below the 
face, and in the interior of each will be seen two large tubes with numer- 
ous branches; their chitinous lining is thickened in a manner that will at 
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once recall the idea of trachesB, which these tubes, as a matter of fact, 
really are, though they have been appropriated to an entirt^Iy different 
purpose from that of respiration. They are channels througli whicli the 
liquid food of the fly is sucked up into the mouth. 

We shall arrive at a more correct understanding^ of the nature of the 
parts of the mouth (trophi), which we have examined in Tipula, if we 
examine the corresponding parts in an insect in which tney are more 
normal. Let us take the common cockroach. Here the mouth is bounded 
before by a median horny plate, the labrum or upper lip, and beliind by 
another median plate, the labium or lower lip, with soft fuliaccous 
appendages, the labial palpi. At the sides of the mouth are two pairs 
of moveable jaws, an anterior pair of strong toothed cutlin<^ pl.ites, with- 
out appendages — mandibles, and a posterior pair more fuliaceous the 
maxillsB, each provided with a large external palp. The tropin, there- 
fore, consist of a median labrum, a pair of mandibles, a pair of maxillse, 
and finally a labium, which really represents a second pair of maxillsB, 
united by their basal parts. In Tipula the labrum and ma libles are 
represented by three minute pointed styles or setae containud in a groove 
on the upper side of the proboscis, and invisible without dissection. The 
first pair of maxillse are represented by their palpi which have under- 
gone no abortion, and the labium or confluent second pair of maxills, 
forms the fleshy proboscis. 
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TVPES OF SPONGE STRUCTURE 



SPONGE. 



Description of Platb. 

1. a b and c Flagellate sarcoids, a and c with collar, d group of flagel> 

late sarcoids seen in plan, e Amoebiform sarcoid. 

2. Semidiagrammatic section of homy sponge showing the oscula and 

ciliated chambers. The arrows indicate the direction of the 
currents. 

3. Section of homy sponge — Chalina oculata with spicules in situ. 

4. Yarioifs forms of sponge spicules. 



The soft, tough, porous material which lends its name to this article is 
perfectly familiar to everyone, and most persons have a vague idea that 
it is a production of the animal or vegetable kingdom, the general im- 
pression being that it is due to an insect similar to the creature credited 
by popular fancy with the formation of coral. Indeed it is really wonderful 
how comprehensive the term " insect " is in the mind of the non-bi>logi- 
cal public. Just as any physical phenomenon which is not understood 
is unhesitatingly ascribed to electricity, so any animal smaller than a 
mouse, unless it be a fish, is an insect. But even this idea of the origin 
of sponges, vague and erroneous as it is, marks an advance on a previous 
state, for it in not so very long since even naturalists of eminence, who 
had studied the sponge, were unable to agree as to its animal nature at 
all, many stoutly maintaining for it a vegetable origin. So for fifty 
years the sponge remained in purgatory unable to find a permanent place 
in either kingdom. Nor can the biologists of the present generation 
plume themselves very highly on their comprehension of the nature and 
affinities of this animal or colony of animals, which still remains in this 
year of grace 1884 as great an ** anomaly " as " the Conservative working 



man." 



In taking up the study of this " form of life," we must be prepared 
to descend very low indeed in the scale of life — almost to the very 
bottom of the animal kingdom — to those realms where heads, limbs, 
bones, muscles, mouths, vessels, nerves, lungs, and organs of sense, or of 
anything else for that matter, are left far behind, and the animal or zooid, 
if it possesses what may without flattery be called a shape, may be con- 
gratulated on its superiority over some of its near relations. 



The material known in commerce db sponge is obtained by divers from 
the sea-bottom in the ueitjhbouThood of the tireek Arcliipelngo, the Baha- 
mas, and other parts of the world, but it i« not the whole animal but only 
a Bupportiug skeleton from wiiich all tho living matter has been removed 
by washing, nqiieezing, and bleaching in the sun. If a piece of thi« 
sponge be examined with the nak^d eye there will be seen ntimerouK 
large, more or less eircukr openings leading into canala which branch and 
penetrate the sponge in all parts and freely communicate with one an- 
other. A simple lens of high power will show that the substance of this 
skeleton is composed of an open feltwork of curling and branching fibres 
of a horny aubataoce called keratoile {Gr. kerw, horn ; eidoe, form). In 
a living sponge this cannot he mode out, for tlie skeleton is then covered 
with a slimy material and only the larger openings are then visible. 
Sections of the living sponge in any direction would show that this same 
slimy substance pervaded the whole interior, covering all the bbres and 
lamella and leaving only a series of narrow, branched canals, the smaller 
branches of which communicated with a number of microscopic openings 
calleil "pores" in the outside of this gelatinous mass. 

If a healthy sponge be examined in some of its native water, to which 
some finely-divided solid subslnnce — say carmine — has been added, it 
may be observed that currents of water are constantly flowing into theae 
pores, while other currents are streaming away from the larger apertures, 
called oscula (Lat. dim. of os, mouth). It is thus evident that there is a 
constant circulation of water entering the sponge by the pores or iithnttiU 
apertures, traversing the various channels in the substance of the sponge, 
and emerging from the oscula or tsehaleitl apertures. Fig. 2, plato 10, 
shows, by arrows, the direction of these currents. 

Sections of fresh sponge display the fact that tlie slimy sub- 
stance — the so-called sponge fii-sk — -cousista of an assemblage of nu- 
cleated corpuscles or aarcoidn, iibout aoW or lAr of an incli in diameter, 
and of irregular and inconstant form (sec Plate 10, fig. 1., e.) Each 
consists of a speck of colourless protoplasm, the Benii-fluid granular in- 
terior of which — the eiidogarc (Gr. endon, within ; mrx, flesh) poMM 
into a firmer clear outer layer — the ectonarc (Gr. fktoa, outside). In lite 
endosarc, besides the nucleus there is sometimes a little cavity — etmtrae- 
tile veeide — endowed with the power of rhythmic dilution and contimc- 
lion. Tlie sarcoid has the power of changing its form by the proirusion 
of blunt processes — from any jmrt of its body, and when free from the 
mass it can crawl about by the same means. It benrs, in fact, a remark- 
ably close resemhlnnce to an Amojba. In various parts of the canals, 
especially near the surface of the sponge, there are found round or oval 
chambers, lined witli a layer of sarcoids, which present some ndvance in 
structure on the simple amcsbiform type. Their form is usually columnar 
or oval (Plate 10, fig. 1., Ir. c), they possess nuclei and contnctile vesiclw, 
and their outer layer frequenily assumes the character of a <li«[inct limit- 
ing membrane. £^h possesses a long Jiagtilum (Lat. for whip) which it m 
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capable of lashing backwards and forwards. In many forms the limiting 
membrane is raised np round the base of the flagellnm into a membranous 
collar, and the sarcoid very closely resembles certain collared infusoria (Fig. 
I.e.) Occasionally very peculiar forms are met with, as in fig. 1 . a, where the 
flagellnm and collar are borne at the end of a long neck. We can now 
understand that the currents which transverse the sponge are caused by 
the co-ordinated lashing in one direction of the flagella in these ciliated 
chambers, as they arc called. But how is this co-ordination brought 
about ? We do not know. It is one of the mysteries of protozoic life. 
Grene rally on the outside of the sponge, and less constantly in various 
fiarts of the interior, masses of nucleated protoplasm occur, which pi*esent 
a variation from the amoebal type in the opposite direction to that taken 
by the flagellated sarcoids, which we have seen is one of elaboration and 
specialisation. The masses in question present a degradation of structure, 
for the sarcoids of which they originally consisted have lost all their 
individuality, and fused into a continuous film, or syncytium, as Haeckel 
calls it, and all that remains to mark their presence is their nuclei, but 
the mass still retains its functional activity. 

In some very few sponges (Myxospongie) tliere is no skeleton. In 
the others the skeleton is usually strengthened, and, in some cases, en- 
tirely formed, by spiculae of carbonate of lime or silica. These spiculae 
are of most varied and beautiful forms. In fig. 4 a few of the most 
characteristic of these are represented, but if the reader wishes to see what 
a great variety there is, he must be referred to Bowerbank's splendid 
monograph, published by the Ray Society,in which he will see two or three 
hundred distinct forms beautifully figured,and if he has nothing else to keep 
him out of mischief, he may occupy himself by learning by heart the two or 
three hundred names invented for their designation. Just to incite him 
to this study we quote three of these names — Exflected elongo-equiangu- 
lated triradiate, Furcated attenuato-patento-ternate, Torqueato-tridentate 
inequi-anchorate. We confess with all humility that we have not these 
terms at our fingers' ends. It is evident that these spiculae must tend to 
the preservation of the species possessing them, for by rendering them 
altogether unsuitable for the purpose of man, they are protected from hie 
depredations, and they must enjoy an equal immunity from the attacks 
of other creatures who would otherwise prey upon them, for a mouthful 
of the spicules would by most animals be relished about as much as 
would a mouthful of their descriptive terms by the average mortal. In 
one order of sponges — the Calcispongiae-r-the skeleton consists entirely 
of interlaced spiculae of calcic carbonate. In another order — the Fib- 
rospongisB, a fibrous keratode skeleton is always present, «nd in 
most forms siliceous spiculae are abundantly distributed (see 
fig. 3), not only through the keratode, but in the sponge flesh, 
Halichondria, a section of which is issued with this number, belongs 
to this order, and shows well the fasciculi of acicular spicules. 
The sponges of commerce are those forms of horny sponges which con- 
tain no spiculsB. In other sponges, such as the beautiful Euplectella, the 
spicules are very abundant and very closely united, and the quantity of 
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keratodo is excessively small. Finally, in Clionia there is no trace of 
keratode, and the skeleton is entirely siliceous. 

The reproduction of sponges is effected by a sexual process. Nucleated 
cells, exactly resembling the ova of higher animals are formed by certain 
of the sarcoids becoming detached, and acquiring a spherical form while 
retaining their nuclei and nucleoli, while certain other sarcoids undergo 
changes resulting in the breaking up of their contents into numerous 
minute bodies — spermatozoaf provided with long vibratile filaments, by 
which they can propel themselves through the water. Fertilization is 
brought about by the contact of one or more spermatozoa with the ovum, 
the interior of which then breaks up into two portions which sub-divide 
again and ^ain, until the originally single cell comes to consist of a 
hollow oval chamber whose walls are composed of two layers of cells — 
an inner — endoderm^ and an outer — ectoderm. At this stage the embryo is 
free, and swims about by means of cilia with which the ectoderm is 
covered. One end of the embryo then turns in and converts it into a 
hollow sac, and the gastnda^ as it is now called, attaches itself by the 
closed end to some object at the sea bottom, and loses the cilia of its 
ectoderm, the cells of which unite closely with each other to form the 
syncytium. Pores appear here and there in the syncytium, through 
which inhalent currents are caused to set in by the cilia of the endo- 
derm, and the water is discharged by the opening at the apex, which forms 
the single exlialent aperture or osculum. Before this period, however, 
spicules have made their appearance in the ectoderm, and young 8}^>ong« 
has acquired a tolerably complete skeleton. Many of the Calcispongice 
remain permanently in this condition of a hollow chamber with thin 
walls and a single osculum. In the more complex sponges further 
development takes place mainly by the growth of the syncytium, whereby 
the endodermal cells become separated into small groups, which are 
ultimately restricted to the ciliated chambers. 

In Spongilla, the only sponge inliabiting fresh water, an asexual 
proct'ss of reproduction also occurs. Certain of the amcebiform sarcoids 
r»'' met their processes, become surrounded except at one point, by a 
spiculigerous wall, and after a period of rest are set free in the water and 
each reproduces tlie parent form. 

The affinities of the sponges are very imperfectly understood, and they 
are among the most difficult animals to assign to their proper ))laco in 
any system of classification The resemblance of the sarcoids to Amoelxe 
and Flagellate Infusors is so close, that from a study of the mature forms 
they would be unhesitatingly placed in the lowest sub-kingdom — the 
Prot<)Zoa. But among the Protozoa sexual reproduction is very rare, 
and a segmented ovum with the subsequent formation of a multicellular 
gastrula is a thing altogether unknown, while this character unites the 
sponges with the members of the next higher sulvkingdom — the C<Blen- 
temtai from which, however, they differ very widely in their subsequent 
wnant. 







sect, root ol iOfgapariUa (smilax) uffieinalii, eliDwiiig medull- 
ary parenchyma with intercellular [iMeages, and starch grains in situ in 
cells. Onlinary light, x 400'l-6. Detached grains and granules aa seen 
under the same magnifying power, hut drawn on a larger scale. Crossed 
Nicols. 1. Simple grain, showing atriation, one zone heing more dis- 
tinct than the rest. 2. Compound grain of irregular form, showing two 
ponent yninulea, Side view. 3, Compound grain. End view, 
jwing the threw granules. 5. Side view of compound grain of regul( 
i and 6. iJetauhed granules. 
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Wlien exposed to sunshine, all green parts of healthy living 
plants, and especially the leavep, are the sent of remarkahle 
cliemicnl activity. The air, with its small but all-sufficient 
quantity of carbon dioxide, which hna gained access to the 
green cells hy meanx of tlie stomata and the intercellular passages, 
and the water forming the chief con:itttuent of the cell sap, being 
brought into close relation to each other there result a seriea of most 
impoi'tnnt synthetical operations which cannot be brought about by any 
Other means known to chemists Under the influence of the sunshine 
and the chlorophyll the carbon dioxide (C 0,) is decomposed, its oxygen 
is liberated, and the carbon and the water unite with each other directly, 
in certain proportions, to form organic compounds of greater or le-s 
complexity, which are used by the plant for the growth of the young 
cells, and ihe nutrition of all living parts. Among these flrst products 
of aeeitnilation,^ as this process is called, are sugar, oil and fat, and 
titareli. When assimilation in in excess of ihe present demands of the 
plant, the excess of nutrient matter is removed fiom the cells in which 
it is formed, and stored up in other psrts for future use. When the first' 

iThis term i» liore used in Uic [lervcrteJ unsp ciiBloaiary amoii^ botinial». 
Ptaper]j uHiniilation i»tbo process bj nhlcti tlie prepared nutrimeot iu mcnrporttcd 
~ |A the actual suUtsucs of Ibe pUnt, and becomes part of it« l>0i1f. 



formed products ore soluble in the cell sap, their transmission is of course 
readily explained b; the constant ciruulslioii of sap, but when insoluble 
the transmi^isiou must be otherwise accounted for. The aubetance, in 
fftot, muat imdei^ a procese of melagtiu'i^ or conversion into some 
soluble body, and this, on its arrival at the place of deposition, may bu 
reconverted into its original insoluble state, and go remain until it is 
required for use. 

Of these substances atareh is by far the most important It is one of 
a class of bodies called carbo-hydrates, that is, it consists of a compound 
of carbon with oxygnn and hydrogen in the proportion of 1 part of oxygen 
to 2 of hydrogen, or in other words, in the proportion in which they exiat 
in water. So we may regard starch as a compound of carbon and waUa. 
This fact should be borne in mind in connection with its use as a dietetic, 
for its hydrogen being already completely oxidised or burnt cannot con- 
tribute to the production of heat in the boily, and so docs not take equal 
rank as a heat producer with the fats and oils in which the hydroj;en as 
well as the carbon is in excess. Starch is insoluble iu water and cell 
sap. When analysed it yields the proportional conatitution CgUujOs but 
these figures do not represent the true complexity of its molecule, which 
is best represented by nC,H,gOs, in which u is used in the 
algebraical sense to stand for an unknown quantity, but probably 
^3, so that the true formula would be C„Hx,Ou. It is closely 
related to glycogen or liver starch, dextrin and reUuloee, and although »ll 
these bodies differ in their physical and many of their chemical pro- 
perties, they liave exactly the same composition, or, as chcmista say — 
tliey are uomeraiu. From glucose or grape su^'ar, the formula of which 
i" nCg H]] 0,, It dilTers only in the ])ossession of one molecule le»« of 
Wiitcr, iiud is easily convertible into that substance. Treated with a very 
dilute solution of iodine starch assumes a purplish blue colour, and this 
reaction being very delicate and highly characteristic of aiarch, affords 
the most valuable teat for that Kubatance, even the optical one to be pre- 
sently mentioned not excepted. It has bi-cn ueually assumed thai the 
iodine formed a definite compound with the starch (the so-called iodide 
of starch), but there is reason to believe that it is only deposited on the 
starch in a metallic stat& 

By the action of an organic nitrogenous body of very doubtful compo- 
sition, called liiaetase, produced in germinating seeds, and by other mesni, 
stnrcli is converted into dextrin and glucose, both of which are readily 
soluble in water or the cell sap. This, of course, is im|iOTtuiit in ejcplain- 
ing how the insoluble starch may lind it« way from tlie chlorophyll 
grains, in which it originates, to the cells where it is stored. 

Starch is lirst formed in the interior of the chlorophyll grains u 
minute, rounded, solid particles. During the whole time the green 
ItiQvei are exposed to sun light, an accumulation of these particles occui* 
iu the chlorophyll grains, but as soon as the light fades the 
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which hoslieen acciiniulntiiig nil day ile<:reases, aud llie ntarcli isgraduallf 
removed in the form of dextrin, or Eome other soluble form, then on 
reaching the receptacle in whicli it is to be atoted an inverse change 
ensues and the dextrin is once more converted into starch, in which form 
it is deposited. Although the procesaof removal of the original particloB 
of starch fri)m the chlorophyll graina can be traced only at nijfht, it, iu 
ill! prohiibility, goes on constantly, but during the daytime the rate of 
removal is iiiaiifiicienl tns coiiuterbalanoe the larger amount of nevr 
material formed. I 

In the clilorophjll grains the particles of starch never reach any 
higher degree of oi^anisation than that mentioned above, but in the 
stems, tubers, roots, rhizomes, seeds, and other parts where it is stored 
for future use, it assumes the form of complex and definitely-organiiied 
grains, whose form ia characterialic of the genus or species in which they 
occur. The grains are frequently of a large size, but the site vanes con- 
siderably, being in some plants almoet immeasureabjy minute, in othen 
as the Potato and Tous-les-mois, attaining a diameterof as much as a four- 
hundredth of an inch, and being readily visible with a simple lens. In 
the same plant, and even the same cell, the size varies considerably, being 
dependent cliie&y on the relative age of the grains, so that when measui'eB 
of Btarcli grains from various sources arc given, they must be taken 
only to represent an average, and much latitude must be allowed 
(or individual variation. In some plants, though — the Sarsaparilla 
for instance— the variation in size is less marked. The forma of 
the starch grains are as viriablo as their ^izes. In llie potato 
they are oval, in the bean elliptical, in some orcliids spherical, in 
the wheat grain lenticular, in the maize polyaiigular, in ginger root, 
like short bent rods, anil iu the laticiferous cells of Euphorbia 
I«culiar bone-like forms occur. In t!ie oat the grains are compound, 
conaiating of a number of closely packed, but readily scpnrable, granides. 

Examined under a sulfiuiouliy high power, and in a suitable medium 
(50 percent glycerine answers well), a dark spot will he seen iu most 
grains. Tins is called the hiluni or nucleus and is usually placed eccentri- 
cally. In those grains which are ellipiica], it is placed nearest the narrow 
end of the grain. Suriounding the hilum will be observed a number 
of zones, alternately light and dark, due to allemiitions of more and less 
watery layers, and besides these ntlernations of much and 
little water iu the layers, there ia a progressive increase in the quas* 
lity of water ur decrease in the density of the layers from without inwards, 
the hilum being always tlio darkest and most watery part. That this w 
a correiit explanation of the appearance of the layers may be seen by ob- 
Mirving the grains in a meiliiim — alcohol, for instance — which abatracte 
the water, ond'entirely, or almost entirely, obliterates the appearance of 
zoning. When the gmins are allowed to dry, the striation is also very 
indiatinvt, and the place of the hilum is then usually seen to lje occupied 
by a cavity containing air. A atratnm of air also sometimes occurs be- 
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tween twu layers, ami brings them into view when they would olherwiBe 
be inviaiblp. In tho dry grainB, too, a. nnmbpr of cracks may be eeeii 
mdiftting fmm the hilum, and pr.-duced by the greater ahrinkaj-e of tin- 
central pariB of the pmin in con.^'cqiience of the greater loss of water from 
tliem than from the outer layers. 

Conceniing tho mode of growth of the grain, and the orishi of 
the layers, there has been, and is, milch dispute. One sot of observers 
state thnt the growth takes pliice oa in a crystal, by acuretiou or deposi- 
tion of layers, alternately mure or less hydrated, on the outside 
of the grain, bo that the oulormost Inyera are the youiigesU Eui 
Sachs, following Naegeli, maintninn that the grains grow by intussuscep- 
tion or depositionof molecides in ihe interior of tho grain between already 
existing molecules, and weighty argumenis are adduocd in fnvour of this 
view. 

The excentric position (if the hilnm is thus oxplaincil. The staicb is 
never deposited in entirely ilead and empty colls, but usually in cell.' 
whose vilal activity is reduced, and bnl a lining zone of protoplasm 
rcmnins. It is in this layer that tb" growth of the grain 
Qommences, and as it increases in size it m pushed towanls the 
centre of the cell and is iin loiigiT entirety surrounded by prolopIiisRi. 
iind the part so removed fmm contact with the protoplasm naturstly 
t.'rowa more elowly than the side timt is atill imbedded. Sometimes the 
starch is deposited in hollow vescicles in the protoplaum, then as growth 
lakes place the grain extemls into the cavity away from the prolopi 
iind the same irregular growth aa b*fi>re rcBults. 

The hilum uommoidy conforms to the shape of the grain. In elli| 
grains it is elongated in direction of the longest axis of the eUI[ 
and in lenticular grains the hilura is lenticular. OccaBionally.twuor inorp 
nui^leiappear in one grain.andconcontriclayers are deposited around each. 
Tbisisofteuseenintheharicothenn. When it occurs ihe most r»pid growth 
usually takes place in the lino joining tlie two iiuulei, and a rupture at Jengl li 
lokes place, whereby the original single grain becomes divided into two, 
though they may still remain in contact with each other. Such com]>ound 
grains occur iu Snntaparilla. Examined under a quarter or eighth inch 
object olasa. The cells of the cortex and medulla wilt he seen to be 
filled with rounded grains, most of which show traces of a division inlc 
three separate granules. In this balsam pi'epamtion it ia not easy to ee* 
the striation for the reason alxive given, but somv grains are sure lo bIww 
it under a suitable illumination. Il will then be seen that the layers d» 
not encircle the grain aa a wbolo, but each granule has iu own hilum 
sunviunded by its own concentric ]ayeri% Very often one or two divisiail^ 
are much more pronounced than the res!, bs shewn in fig. I plale II. 

Starch Hssumes a most characteristic appearance under jwlarisod li 
Space will not allow, nor is it needful to enter into an account a' 
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marked with a black cross. If, 



the object be slowiy rotated in the field of view, it will be seen 
tfaat the croBa remains fixed with regard to the field, one pair of its aims 
being parallel to the princijial plane of the polariser and the other parallel. 
lo tho principal plane of the analyser. As the anna of the cmss, however, 
are frequently curved, their direction does not always appear to coiacida 
with theau planes. During the rotation, in fact, the grain iippears to be 
turned round underneath the stationary cross. 

If, the object remaining stationary, the polariser or the aiialyiier be 
rotated, the cross will be seen to rotate with it but with only hal f its an- 
gular velocity, so that to make a complete rotation of the cross the 
analyser or polariser must be rotated twice. If now a thin film of selenite 
be interposed between the polariser and the object while tho nicols are 
crossed, and be rotated until it gives the brightest fiuld, most beautiful 
chromatic effects will \>e obtained. The field will assume a valour depen- 
dent u|)on the tliickness of the selenite film, and the iuterfei'ence crosseR 
will be vividly coloured, the rest of the (jraius assuming a complementary 
colour. For instance if a yellow-blue selenite be employed and bo b» 
adjusted in the first instance as to give a blue field the crosses will 
be red at the edges mer<[ing into yellow in the centre, and the inter- 
opaces will he bright green. Then on rotating the analyser or polariser, 
•a the blue field gradually merges into the complementary yellow, so 
the crosses rotate and change to their complenienLnry cclours. By meana 
of the interference phenomena under polarised light, the compound 
natnre of the grains in earsaparilla is most clearly shewn, for each granule 
exhibits its own cross and its own chromatic effects. In studying this 
preparation, the medulla or pith is the most favourable part, for here the 
cells are largest and tho starch less closely pocked. Some grains will 
be met that are not compound and exhibit but a single cross, as 
■bovn in fig. 1. Others will be presented under different aspecta, 
some showing the triradiate divisinn of the granules as seen in plan 
(see fig. 3). Others a single diiimelral suture when the grain is seen 
from the side us in fig. 5. Frequently the normal spherical form is 
departed from (lig. 2). Round the edges of the cells especially, the 
grains have, by mutual pressure, assumed the form of very short trun- 
cated cones with rounded angles. This is represented in the central 
figure. If the observer searches the cells carefully he will probably be 
rewarded by finding a few isolated granules, the appearance of which 
will of course vary according to their presentment, and these will aflord 
a better iJeji of the true form of the granules than could poisibly bo 
obtained by any other means. Occasionally grains are met with having 
more than three component granules. 
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TliB Soutli American Renus Smilnit, from the roots of several species of 
which the Haraitparilln of the Pharmacopeia ia obtained, belongs to the nat- 
ariil onier Smilacsse, wliioh tu^'elher with a few other orders, presents a re- 
mnrkttble departure from the normal type of monocotyledons. The form of 
ihe embryo and of the flower, the minute airuclnre of the fflHid stem and 
ils branches, and the ijeneral character of the plant are exactly those of 
otlier monoutilyledons, but the veins in the leaves form a network and 
the rhizome or creeping underground stem has its woody tissue disposed 
in a ling round n central pith or me'luUa, and is surrounded in turn by a 
parenchymHtoua cortical layer. Theeo characters arc as distinctly 
dicotyledoiioiiti as tho^ie before mentioned are monocotyiedoDons. ' Th« 
arrangement of the bn^t and xylem in the root is somewhat 
different, tor insleiid of each bundle consiating of an internal 
voody porticm separateJ by a cambium ring from an external bast portioa 
the two constituents are arranged collaterally, large xylem bundles coa- 
sintirig of large vessels and thick-walled prose nchymatoue cells altenia- 
ting with much smaller bast bundles composed in themainof sieve tubes, 
the whole being surrounded by a single layer of very thick walled cells, 
repre<ienting the vascular bundle sheath. Under a I inch objective this 
arrangement will bo well seen in the accompanying preparation, and a 
J inch applied to the sieve tubes will show here and there the perforated 
end walls or sieve plates between the ends of adjacent vessels. Ait the 
elements of the rout are hi(;hly ligniHed, and polarise strongly without 
the aid of a selenite. 



THE DODDER PLANT. 

the Dod(ir:r planb is a lon<; and sicniler-stemmeil luaflL-sa parasite, 
Uber plentifully distributed tliroughoitt most of the counties of KngUnil, 
Wt totally unknown as a native in either Scotland or IroJ&nd. It 
\ a hi»t either a shrubby plant, as in the (iase of the individual 

a vhicb the accompanying section was prepared, or, as is mory COM- 
p, it Gxes itself upon certain wild or cultivated plantH, such ns thyme, 
laa, clover, or flax, It blooms in the summer, the flowers being in 
^ibnn of small white or pinkish bells, growing in close unstalked glo- 
r elnsters, and passing later into roundish capsules, each containing 
t fonall, brown, and minutely granular seeds. The plant attaches 
_f by twining its pale or reddish thread-like stem around the body of 
^■elected prey, and by sending out, at intervals, along the encroaching 
''IQent, peculiar adventitious roots, suckers, or hausloris, which End 
't way into the sap-containing tissues of the hust-plaot, and not only 
Eduction as holdfasts, but, at the Kamo time, also act as ready absorhenta 
i the nutritive juices, that, during the growing season, are fver circula- 
Iting within tlic body of a living plant. 

The Dodder, which supplies the subject of our present sludy, has se-' 
E lected aa its host a plant of common heath, but several other plants — in 
I iddition to the few mentioned above — are well known as affording it a 
Lstiitable habitat. Furze, broom, cranberry, and rockrose are the best 
K'known examples of sbiiibs ; bastard toadflax, camomile, sowthietle, 
■ jellow rattle, and bracken fern as wild herbaceous plonta ; while cabbages, 
Kihope, and lucema may he added as further examples of the cultivated 
[ilAnta that are subject to the attacks of this agricultural pest. 

Dodder belongs to the genus cujicula of botanists, a word said to be 
I derived from chnmiith or ehasutk, the Arabic name for this plant. There 
t! about 80 different kinds or species of cuscuta distributed throughont 
^lltfi warm and temperate regions of the earth, and of these four may 
» found in England. The largest and rarest grows upon vetches, 
ittles, tansy, Ac, and is distrihuteil generally throughout temperate 
sub- tropical Europe, and is known as Europtea. Another 
. large possibly as Enropma, but not ao fpJ, growa upon 
t is not a true native, Iiaving been introduced in inipoi-ted 
and may be found in flax fields in any part of the British Isles, 
led Epiliniim, from Ejii, signifying that it grows upon, and 
i, the Lutin name for the flax plant. The third form or species of 
acilt^ Affects th^me ; it possesses a very slender st^-ni, and has a | 
lopean distribution from Denmark southward, extending into North , 
tea and "Wostirn Asia. It ha^ been named Ejiith'/miim from Epi and \ 
mum, the Latin name for the herb tliyme. The species of our pra- 
ntion is Cuncnta Eyilhi/mum, and it not only grows upon tlijme and * 
nUi, but upon liny, furze, and other plants, woody and herbaceous. 
" ;i fourth form of Dodder found in England may he regarded as a mere 
iety of the last. It occurs in clover fields, ami is u most trouhlesome 
fid to the agriculturist. It fs known as Vu<ieiita /rifolii ; Irifoljum 
F(lhW6- leafed) being the generic name for clover. 

Cuscuta is known in different paria of the country, by names con- 
siderably more expressive of the parasite's look and behaviour, than th« J 
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and gi^ntleiine of "dodder," whicb simply means a tangled thread. 
_^vecd, lieU-wced, nnd Dt^vU'a-gutt: are coninion names given to it 
^ncultural districta 

Froni the structure of the flowers, or reproductivi< organs of the plant, 
s natural relationship with oidinary field or gaideo convolvulus (hinil- 
irecd) con be cleariy tmced ; as in thesi- slructures, which were devot- 
«ped at a romgiarativcly late period in the life of the indiTidual, and 
structures, t»o, that are in no way related (other tliun a rclntion of de- 
pendence) to the purely vegetative functions of the plant, they 
have not sttSeml that defeneration of structure that has be- 
fallen the nutritive organs, in consequence of the plant having 
taken to the ever-dej^rading habit of parasitiam. As the plant 
bcoaue more ami more better fitted to lead a parasitical life, 
organs that were al«ilutely essential for the performajico of the every-day 
physiological work of orilinary plant life Ijceamo useless, then rudimentaiy 
and at lost completely lost ; thus the leaves not having occasion to 
dabonlc fooil aw nxJucod to the merest rudiments — tiuy scales upon 
the blanched or re^l-stained stem ; while the truo roaI« have altogeUtrr 
disappeared — the plant at no time in its existonce hiiving been rooted to 
the earth. The flowers have five united petals and five stamens inserted, 
as in convolvulus, at the base uf the corolla bell and alternate with its 
lobes. The ovary is superior, or placed in the receptacle above the inser- 
tion of the corolla, and consists of two cells or cavities each containing 
two ovules — -further pointsof floral structure that clearly indicate anaffinity 
with the bindweed. The genera Convoivulw and Otucuta are the only 
British representatives of the family CoNVoLVDLACKf of botanists. 

\\Tien the seeds of Dodder are fully ripe they each contain a slender 
embrj-o coilttd around a central maas of reserve food, or enduapenn. The 
two cotyledons, so characteristic of the class (Dioottlbdoks) to which 
the fauuly Cunvolvulaceffi belongs^ are, however, not dintinguishable in 
this plant. Tlie embryo consists simply of a thiead, stouter at one end 
than the other, the thicker extremity representing the primitive root or 
radicle. When, in the course of time, the seed germinates, the slender 
or plumule end of the embrjo burstt the testa and rapidly lengthens 
fed by the nourishment stored away in the seed, and absorbed by thi- 
fleshy radicle. The tip of the sensitive plumule moves round and round,, 
performing circular journeys in search of a suitable host ; having found 
one, say a young clover, flax, or other plant, it twines around it, and i* 
eventually utrried upwards, seed and all, completely oS' the ground, by 
the rapidly elongating host. By the time the store of endosperm matter b 
exhausted, the infant parusilc has pierci^I the thin skinned body of it« 
prey, and henceforth the suckers pnvide it with already ebbomled 
food, e4)ual in value to that which was stored away within the old, bat 
now cast away seed-coats by the parent dodder (tlunt. 

How the«e suckers act will be best explained and easier underatood 
after a can'fiil examination is mnilo of the histological relationships exist- 
ing between the ti>wues of the host and its parasite, as exposed in thr- 
accompanying propar&tion. It will be well to examine first the stiuettm- 
ofthostoni otHeiilh. 
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In the centre, as displayed by the transveree section, is the region of pith, I 
the cells of wliich are relatively large and many-sided. Examined in a frcali I 
state and in sections not too thinly cut, the walls may be seen to be ] 
closely pitted with ^mall roundish pits or deprcfisionB left in the slightly 
thickened side walls. These <:ella are utilised by the heath plant for the 
storage of food, and starch grains may be of ten observed lying within them. 
Surrounding thu pith is the region of wood, or as it is sometimes called 
the xyleni, made up of narrow thickened fibres closely intermixed with 
long wide tubtis or wood vessels. It is up this fibro-vascular cylinder 
that the water, charged with the essential earth salts, passes conducted 
especially along tlie woody fibres, while the long pipes or vessels serve 
u channels for the iuterchauge of gases, rendered necessary by the 
chemical changes induced by vital energy at the growing or working 
regions of the plant Lying around the woody libro- vascular 
cylinder is the cortical layer or region of bast, a tissue 
also composed of fibres and vessels. But the elements of the bast 
fibro-vascular cylinder differ not only in structure from those of the wood, 
but in certain chemical and physical particulars aa well. The function^ 
moreover, of the two regions ie essentially different. The vessels of the 
bast, instead of being mere passive conductors of gases, are tubes- 
containing living protoplasm, and are active distributors of sap relatively 
rich in albuminoids. 

Outside of all is the protecting layer of corky cells, covered externally 
with an epidei'UiiB, from which spring numbers of comparatively long, 
rough ish-louking hairs. 

Kespecting the strui'ture of the Dodder, it is extremely simple. Aa 
displayed in longitudinal section, it will be observed to consist of a 
rascular system, the elements of which are barred with transverse 
thickenings, and the whole surrounded by a large-celled parenchymatous 
tissue, abundantly filled with grains of starch. There does not appear 
to be a very distinct epidermis. The suckers are apparently of the same 
general structure as the stem, and, in the preparation, are seen in position 
aa being thrust through the superficial protecting layer of the host, and 
embedded either in the tissue of the bast, or pushed inward through the 
wood OS far even, in some cases, as the pith. 

Remembering that the function of chlorophyll in the vegetable- ' 
economy is in connection with the manufacture of starch, it is not 
strange that in the Dodder this important green substance should be 
entirely absent, seeing that it can collect starch or its chemical and 
pbysiolc^ical equivalent from the passing juices of its host. In all 
likelihood the protoplasm contained in the superficial cells of the liaiistoria 
exercise an influence similar to that of the ecutellum in the germinating 
wheat, enabling the ineinuating suckers to not only abaorh already 
soluble materials or substances dissolved in the sap, but solid 
material like grains of starch and protein bodies in addition. 
Furthermore, it is by this power, one might conjecture, that 
the haueteria can gain an cntmnce, and push their way into th* 
stem of the host When it is remembered how the embryo of the dato 
for example, can soften and absorb during the period of germination tha 



nxceediitgly hard and dense endosperm substance uf ita seed, one cannot 
wonder at the power possessed by the suckers of the Dodder to enter by 
the exercise of n simihar digoativa jwwer, even the hard woody cylinder 
of shrubby plants like Heath. At all events, it is hardly likely thai the 
snukers, even althongh they are provided with a twig from the fibn> 
vascular system, "pierce the stem [of the host] like a smalt thorn," or again 
that the "suckers could not penetrate the clover stem were it not for the 
woody skeleton belonging to each sucker," as is described in a recently 
published text book. 

Parasitism although common among Fungi is comparatively rare in the 
rank and file of Flowering Plants, In the class of Dicotyledons therfl 
are no parasites among the forms with free petals, but in the Moitopetalce, 
or those whose llowers have united petals, and in the Ap^iaJm, or those 
where there are no [>etals at all, there are several families possessing 
parasitical individuals. Confining ourselves, however, to members of tha 
British flora, we have the following list ; — 

MosoPKTAL*. — Dodder (Ciiseula) of the order Convolvulacen 
Hird's-neat (Hypopitliy* or Monotrojia) of the order Monotropeo' found in 
woods upon roots of heech and fir. 

Bartnia, Eyebright'f ^Hp/jnma^ yellow-rattle ^WiinanlA'**^ Lousewort 
(PeHifularis), Cowwheat ( Melampjp-um), and Toothwort (Laikraa), al) 
of the order Scrophulariacex, and all parnaitical upon roots. 

Broom-rape (Orohanelie) of the order Orobanchete, parasitic upon roots. 

Apbtal*. — Bastard Toad-Flax (JlifsiHrn) of the order Santalaeeit, a 
perennial and parasitic upon roote. 

Mistletoe ( PieeurnJ of the order Lorantuacb.«, parasitic on variima 
trees. 

Tn the clfiss of MosoGOTTLEDoxB we have Coral-root ( Corallorhiea) 
iind Birds'-nest Orchis (NeoitiaJ root-parasites of the order Orchidaceaa. 
£jjipotpim of the same order is a saprophyte, that is, it feeds upon organic 
matter derived from lifeless things. It lives amongst decayed leaves and 
is exceedingly rare. 

In this list two or three plants are given that oan only be regarded u 
partial [Mirasites. Mistletoe, for example, although it feeds upon the 
juices of apple and other trees, its leaves nnvortheless contain chlorophyll, 
nnd, within ceitain Itmite, manufacture starch from earbon di-oxide and 
water just rw other green plants do. Its usiml mode of pvocL-dura there- 
fore is to add to the nutritive store enriched by legitimate labour, that 
surreptitiously obtained by sucking the food-bearing sap of ita woodj 
host, Rhinanthus and Thesium differing from Mistletoe in being only 
paroiiitical upon roots, the former affecting damp and the latter dry and 
chalky pastures, and the other British examples of parasites that still re- 
tain the power of developing chlorophyll in their leaf cells. 

The most remarkable parasite, and, indeed, the most remarkable plant 
perhaps in the whole world, is the Raffltiria Ai-noldi of Sumatra, an indi- 
vidual consisting entirely of a huge Bower of fungoid consistency, pro- 
vided with a Bini;le sucker which attaches the plant to roots of twrtaiti 
species of Cletun, trees belonging to the same natural family as the viaa> 
The {lower of this leafless and stemless parasite actually meuuiM thiM 
feet in diameter, and weighs upwards of fourteen pounds. 
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Paob24.~1L Oand 115, from top; for " albuminoids " read **albumenoid8." 

Paob 27.— 1. 7 from foot ; for **8tomataB " read '* stomata." 

Paoe 42.— I. 5 from foot ; for " madiblea " read " mandibles." 

Page 45. — 1. 21 from top; for '' spicule " read ''spicula," and the same error is 
repeated several times in this page. 

Paob46. — 1. 23 from foot; for ''and young sponge, &c./' read "and the young 
sponge, &c." 

Paob 50. — L 10 from foot ; *' dele " fall stop after object-glass, and capital T from 
next word. The sentence should read " Examined under a quarter or eighth- 
inch object-glass the cells of the cortex, kc," 
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THE METHODS 



MICROSCOPICAL RESEARCH. 



I. — On Ikmthumknts i 



The inverfiHulioM of luimily structure, ivhellier oi'gFiiiic or inorganic 
vRn only be ncuuiuplii-liKd tlimuijii llie ut-e uf nJiqunie uptical itistni 
tueiitii. Tliii or^itu of viHiuu in niuii is so coneliucti'd that the distance 
of mru-t ilirtintt vision navel's Iietwreu eiglit niiO leti intlies from the 
uontial oye of an iiilnlt. Tiiis is due to the ulleralle curvature of the 
cryBliilIiiie lens wliich jiermils uf the practicully ]jaral]el pencil of 
rays fri'Di u iliatiint ulij^cb or tim diverfjent mj's, from one close 
to the eye, to be accumtdy focusHed un the rtiliiiik or i-eiii-itive part 
of that or;:an ; but if the object be brou}>h!. still closer to the 
eye tboii the normal Uistiince of most distinct vision, it grndually 
loses iu power of aucoinmodiitioii in exerting' the necessary strain which 
ia wqiiirtd to render the cry^tHlliiio lens convex enough to focaliso the 
iuiage of the object upon the retina ; about tiro iiicLee from ihe eye this 
■Imtn becomes inijioasible. 'Within ihe limila of accom modal ion only 
megnscupiad cliwuctera can be appreciiited, Weio the eye cupabtu 
of alt«rin(; the ciirVHtiire of lis crj-Btiilline lens indefinilely, its 
jowet of vision would become illinjiluhle; teleircoijcs and microscopes 
would then bn found unnecessary l!ui the bounds of natural 
limitation cun Iw conquered by artificial means, and the iiitorpoKJtioii 
3f a BufSciently convex lejis between ihe near ul'jecC and tlie eye, 
«ttem llie direcUon of the lays of li^bt which pioceed fivni the object, so 
at to bring tbem within the scoiw of iiuiuriil vision ; iiud herein lies the 
tiieory on which the microscope has been conairuclcd. The nearer an 
object is bi'OUf.'ht to the eye, the gri^atei' does its visual ini^le (or angle 
produced by the iiiterHection of rays or straight Ihies from ihe extreme 
points of the object) become, and, consequently, u lurg'cr ima;{e is focussed 
ui the retina. 

Optical iMstrunients then are required at the ontset to enable one to 
mtei the doniains of histology ; they may be directly employed, in a : 
multitude of instances, where the objects are of ininule size, Equally ] 
Toat iu minilier, however, aic Ihe substances which cannot be directly I 
examined, but require special processes to rendui' them suitable for mi- 
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oroacopicnl examinntion. In the inorganic kingdom minernls, rocka 
and chemical nubstonco!!, elementary or otherwise, are found in 
nnlure in such mimito part idea aa to render tliem suitnhlo 
for immediate study under tliG microscope ; but, in the inn- 
jority of instances, they require to bo pulverisud, sliced, or 
precipitated era they come witliin the range' of obsarvntion, and to 
iheaa euda the petrolofjiat rauat be provided with chisels and hainmeni, 
slicing and griniling apparatus, and aviiriety of otiier tools adapted to the 
collection and subsequent treatment of speoimena, whilst the cken:iat 
must atouk himself with blowpipes, test tubes and matrawos, reagents, 
and balances. In the organic world tho vo'jutable hialologiat will wquire 
a spud and vas'^uhim, dipping bottles, collecting np|mratU8 of all kinds, 
and a variety of instruments to facilitate Lheoxitminationof tho unicellular 
and delicate forma, whilst the more complex examples will require to he 
dissected before they con be utilised. The animal histologiat will find 
his workinextricablylinked with that of his brother botanist, and to a 
large extent will work hand in hand with him ; but in the progrusaion of 
his inquiiies there will arise a nucuaaity for other iiistnimunts, such as 
bone-forceps, saws, and knives of divers shapes. 

The study of both organic and inorganic histology is so complicated, 
that words alone are often inadequate to its wnnta. Diagrams aiul draw- 
inga are therefore employed to supplement what language often f uJJs to ex- 
press. There has thus arisen tike necessity for insti'umental nid iii this 
direction, and it becomes tho duty of tlie itivestigalor to learn their con- 
struction und use. 



II. — On Reagents, their coNgrrruTios and action. 

One of the most important items in the study of microscopic^ tech- 
nology, is concerned with the action of reagents. It often liap^iena that 
the optical means at the disposal of the liiatologist are insufficient to 
the resolution of structure, nnd although much may be done with 
carefully-<lirected and modified light, still, the utility of the judicious 
application of reagents requires only to be understood to be nppn>- 
ciated. 

The knowledge of the chemical constitution, physical properties, and 
modes of manufacture of reagonta, oflen leads to the discovery of their 
specific action on minute atructure, whether those conaial in a revelation 
of inherent qualities, or in a modification of details. It thns becomes 
incumbent that the bistologiat should carefully scrutinise ail kinds of 
reagents, un<l record the results of such examination. 

Reagents may be used in a variety of ways, (or the eluciiUtion of 
structure and the detection of the constitution of bodies. Same kk 
employed oa chemical tests, others as atains or to induce changes whereby 
uertain properties are revealed, wliilst another set are exhihitoil as pns 
servative raeilia. To know exactly what to apply, ami how to apply it 
for the revelation of specitic plicuumcna, is the easence of this departinaitl 
of microscopical manipnlatioti. 
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III.— On thr METHoDa uf Prbparatios. 

Both oi^anic and inorganic nirittflra require speciiil metliods for their 
prepEtifttioii as a means of study. Tims, the processes of putvei'isation, 
levigation, of Blitting, aud of tTinUing niiiierals nnd rocks, ure beset with 
difficullieA of detail, which, for want of suitable attcntiou, prove to ba 
insurmoantable bniriers to tlie tyro, whereas their observance but shows 
that he has made a " mountain of a mole-hill." So, also, the iraiicdiments 
to successful Hectiun-cuttiii'!, staining, aud mounting are all traceable to 
a neglect of minute particulars, such as the wetting of the edge of the 
nsor with spirit, the practice of drying the edge of the blade when it is 
set down for a few minutes, the use of a mordant previous to staining 
certain regetablo tissues, or the thorough clehydration of sections before 
they are mounted in Canada balsam or dammar solution. 

In the opening pages of his work on the microscope,' Beal.b makes 
lUo following observations : — "Manual dexterity, although subordinate 
to many higher mental qualiiicatiuna, is as essential for the successful 
prosecution of microscopic obdervatiou as it is for that of every kind of 
experimental science. It assistsusinthe discovery of new means of enquiry 
and in devising in etliods by which difficulties may be surmounted, Witliout 
■kilful manipulation we can neither tesch by demonstration facts which 
have been already discovered, nnr hope to extend the limits of observa- 
tion and experimental knowledge. It is not, therefore, surprising that 
muiyofthe most important facte which liave been recently added to 
microscopical science, have been discovered by men who had previously 
well-trained themselves in experiment — particularly in practical chem- 
istry and minute anatomical dissection. Improvements in the practical 
detAils of manipulation almost necessarily precede an advance in nataral 
knowledge, and iuvurialtly promote and expedite true scientific pro- 
gress." 

But although manipulative skill is a very necessary adjunct to micros- 
, copical roHearcli, an attainment of the understanding of the general prin- 
eiples of action at the outset, sometimes proves to bo the most arduous 
portion of the work, aud very often is the only impediment to success. 
Practice and perseverance, brought to bear upon previously gained know 
ledge, are tlio only royal roads to manual dexterity, and it llius becomes 
theduty of the instructor to point out, not niert^iy what path ought to be 
biken, but the various pit-fulls which everywhere surround the beaten 
bnek, and how best to avoid them. 
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IV.^O.v MioRoscopioAL Art. 

Thci'e ai'e two wny.s in wliii;h microscopical objects can be drawn so as 
to become useful recoiils of research. By the first of these, a rough dia- 
gruamatic representation m.iy be made, without reference to accuracy of 



lUoiD tn Wmk trilk tki Mkrosi 



VI. THB METHODS OF MICROSCOPICAL RBSBARCH. 



form or size; merely to display the author's views concerning the structui-e 
of the object. The second method is to make an accurate drawing with 
due '.••^ard to the size and shape of the object under the mici-oscope. 
Both of these methods are valuable in themselves, but their usefuhiess 
becomes immeasnmbly enhanced when they are combined so as to alford 
scope to the artistic skill and scientific knowledge of the draughtsman. 

There is a great deal of truth in the statement that true art is the out- 
come of genius, but that does not in any way afifect microscopical drawing; 
it will be found that patience and practice are sufficient to enable the 
student to overcome every obstacle, and to achieve the most satisfactory 
results in this department of art. Photography, and lithographic draw- 
ing, also, need only to be attempted, to convince the worker that perse- 
verance*, here as elsewhere, is the only serious impediment to success. 

In the ensuing chapters every general statement will be followed by 
5sonie .«^pecial example, and the study of types thus afforded, will endow 
the beginner with material for extended microscopical research. 



On Instruments and their Uses. 
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CHAPTfiR 1. 



THE MICROSCOPE. 



Tlie microscope, as an iiistrumeiit of power in histological Fesearcli, 
depeniJs efsentially in constniclion, upon its coDformity with the laws of 
light and liiiman viston. It has already been staled that an idea of the 
site of an object ia arrived at through the size of the image foctissed upon 
llie retina, and that these dimensions vary in proportion as tlie object is 
brought near to, or removed farther from, the eye. When the object is 
brought close to the eye, its visual an^le, — that is the angle formed by 
the crossing of the rays from the extreme points of the object, is larger 
than when it is placed fartlicr off, and, consequently, the image on the 
retina is larger also. If this principle were capable of unlimited extun- 
•ion, it would obviously follow, that to keep on magnifying an object, 
all one would have to do would be to bring the object closer 
and closer to the eye. But there is a limit to this natur^ power of 
microscopical vision in the human subject, and the eye (ails aignally 
to accomplish its office when the object is brought within 
about two inches from its surface. The reason of this is, that, the 
crystalline lens of the eye, in assuming a more convex shape 
through the relaxation of the ciliary muscle, becomes overtaxed at this 
diatance. If, now, a sufficiently convex lens be placed between the ob- 
ject and the eye, so as to enable the divergent rays to be accurately focussed 
upon the retina, the difliculty will bo overcome, and, theoretically, mici'o- 
Bvopical Tisicn would be illimituble. But, is it so ! Most certainly not 
The employment of artificial aubatances, such as crown and flint glass, 
diamonds, etc., although they considerably extend the power of sight, 
do not do so ad injinilum. Here the limitation is purely material, ae 
distinguished from the former instance, the human eye, which ia defec- 
tive not only materially, hut physiologically. 
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The worker in ihi: field of microBcjopical ru'eiircli, neeil iiol, Iiowever, 
be appalled by these atateraeiits; for, it will be foumi that tliu imiiiaii 
organ of vision, in uonjunution with the excelleul appliances of modern 
invention, will enable him to approach, and sonietiiues even to solve tal'ie 
fnctorily, many of those philosophical problems whiafa underlie llie evo- 
lution of things, both animate and inanimate. In exempli fieution of thi»<. 
a few instunces may here be recorded. 

The practical geologist who sallies forth into the field with leus in 
hand, may gfither during hia walk a variety of rocks, which, from tht^ir 
cosmological structure, point to an igneous oi'igin ; some of the apecinieiix 
am uoiirse grained, whilst others defy the utmost scrutiny of the eye. 
The microscope is brought to benr upon the question, and he finds that si 
power of flOO diameters isgenernlly the utmost degree of nniplifictlion he 
will require to employ; but for all practical purposes jKiwers of from 20 
to 100 diameters suffice. With the iissiatance of the microscope he in 
enabled to pronounce with decision that the rovks are igneous ; and 
more, from analytical and syntUetiad experiments he can show that cer- 
tain coarse varieties, which are thoroughly crystalline (the crystals being 
simply held together by adhesive and cohe.tive forces, without tlic ne4:e«- 
sityofan interstitial hiniling substance), are of deep se-ated origin, and 
consolidated under conditions of enormous pressure and a length of time. 
He is, in like manner, able to affirm of the other varieties, wliat their 
mineral constituents are, or have been, and how they came tc assume tfacir 
present states. Thus lie builds a part of the fabric ofgeologiad philosophy, 
and with whatT — with a comparatively low powerof the microscope. , 

To take on exHTuple from the organic world ; the questions of the func- 
tion of various parts of the body, arc very often arrived at through a 
minute study of its members. The form and general appearance of tli; 
cells of glands such as the salivary glands, point to the functions tfaey 
perform, whether they secrete or absorb, mid how and when they perform 
their duties. The study of amceboid, and even of ciliary motion, undi-r 
the microscope, does not require a powerof magnification, much liejund 
700 diameters, whilst the lifediLstory of the minute forms of life known 
as genus ( Baclnria, He), may he readily comprehended, by the use of 
from 700-1200 diameters. It is only whuu such things as ihe delicati.- 
niurkings on the skeletons of Diatoms, or the aitificiul ruled lines on 
(flass (Nobert's t«st) mquire to be made out, that powoi's beyond 1,300 
diameters become useful ; and it must beailmilti'd that the scientific in- 
vestigator does not lose anything, nor arc any of liis philosophical dedoo 
tions vitiated by eschewing such powerful instruments, which, in the 
hands of the skilful, succeed in amplifying and resolving certttin prelli 
structures ; but, to the ordinary worker are, in reality, impedimenta lo 
research. 

On the threshold of this inquiry, it thus becomes evidenl, that an «c- 
quaiutnnce with the genernl slnicturn of the human eye, coupled with th-: 
principles of lumiuaus energy, ai« necessary adjuncts to an understjindiD}: 
:>f th« roicroecspe its place, and power. 



THE HUMAN EYE. 



Slightly altcre I (by pemiission) from :i paper read before the Man- 
chester Microscopical Society, by Gkokuis E. Davw, F.R.M.S., F.I.C., 
F.C.S., &c. 



Description of Plate I. 

a, Anterior chamber of eye fitted with the atpieous humour. 

Cornetu i, iris, p, pupil. 
em, Ciliary muscle, cp, ciliary processes. /, lens. 
^, Sclerotic Coat, c, Choroid, r, retina. 
/, Forea. /?/?, Superior and inferior recti muscles. 
O, Optic nerve entering the sclerotic and choi-oid coats. 



In all studies, whether of pure Microscopy as a Science, or whether of 
one of tho.<e departments of Natural History in which the microscope is 
employed as an airl to vision, we must, at the outset, recognise the ira- 
|K>rtance of a study of the human eye. 

It may be the scat of many imperfections resulting from misuse, old 
age, or disease, which are apt to modify the conclusions mo may draw 
from our observations, unless we are careful to study well into what linos 
Buch imperfections may lead us. 

Nature has given us in this organ a means whereby all objects may be 
compared with each other, more especially jis to size, colour, and general 
characters, and it must astonish the student, who thinks deeply, to find 
that so little is known definitely as to how we are able to appreciate 
magnitudes, colours, and forms. It is easy to say that the eye lenses 
focus a picture of the object upon the retina, and the irritations are car- 
ried by the optic nerve to the brain, but do we practically realize what 
this means ? 

Then again, unless more of our senses than one are brought to bear 
upon a niatter under consideration, we can scarcely form a true opinion 
I2jx)n our subject 

Take something which greets our vision for the first time. We 
know not what it is ; we can see it, it is time, but we have to bring 
in the aid of other senses before we can arrive at a correct judgment ; 
and even then, our judgment being the result of comparison, and also of 
experimental contact of substances with our senses — so to speak — opinions 
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which are formed must, to a certain extent, be modified by the amount of 
other experience to which our nerve centres have been previously sub- 
jected. 

Take two experts ; give to each one a sphere com)X)sed of lead and tin. 
Upon asking them what substance they were handling they might pro- 
bably guess, perhaps not ; they would poise it in their hands, look at it, 
smell it, try to cut it, perhaps, examine its metallic lustre, and it woulil 
be very odd indeed if they could agree as to the composition of the alloy, 
Unless settled by an assay upon the balance. 

Has it ever occurred to the reader that such processes as these go on in 
Microscopy, and that it is necessary to carefully study the organ of vision 
in Older to gain a true insight into the object presented to ust On 
reference to plate 1, it will be seen thit the eye i» a nearly spherical hall, 
capable of many movements in its socket. It possesses an outer trans- 
lucent covering called the sclerotic coat, or simply scleiol.ica, which may 
be seen at S. This is thick, horny, and opaque, except in its anterior 
portion. 

This sclerotic coat envelopes about j of the eyeball, and in 
common parlance is called the white of the eye. 

Tlie anterior transparent portion is railed the cornea, and has the 
shape of a very convex watch glass. It is through this membrane that 
the light passes to the interior of the eye. Tiie cornea and the interior 
portion of the sclerotic*a are covered with a mucous membrane. 

Behind the cornea is a diaphragm of annular form called the iris ; it is 
coloured and opaque, the circular aperture in its centre, p being called 
the pupiL 

The iris, 2, serves the purpose of regulating the admission of light ; 
it varies in colour in different indivi«lujils, and is the part referred to 
when we speak of the colour of a person's eye. 

Behind the pupil i9 the crystalline lens, /, having a much greater con- 
vexity at its posterior surface than at the anterior. 

The large posterior cliamher is lined by the choroid coat, 
and this choroid has in front of it a delicate membrane called the retina. 

The choroid coat consists of a highly vascular membrane contain- 
ing pigment cells, filled with an intense black mucus, called the 
pigmentum nigrum. 

The cavity behind the cornea is filled with a liquid called the aqueous 
humour, having a refractive index approaching that of 1.3366, while the 
larger cavity is filled with a transparent jelly, called the vitreous humour, 
possessing a refractive index of 1.3379, enclosed in a very thin, trans- 
parent sac, called the hyaloid membrane. 

I have now described the principal apparatus of the eye, and may 
take some of the parts in detail. 

The crystalline lens is built up of layers, increasing in density inwards, 
the effect of which is to diminish spherical aberration. This lens is 
enclosed in a transparent capf^ule, held in position by an elastic mem- 
brane. It can be changed in sha|>e by means of a delicate muscular 
arrangement to adapt its focus for near or distant objects. 



Ab {jIbbs leiii^t of vary iiig curves iiiive diffjreiit fooal lenyths, so by 
altering tlie curves of tlie urysliLlliiie lona wo are able to aeu objects 
iluUiiutly wliicli ai-u Huuati' I in Hevuril f>ll^ill pliiiieK. 
The reiiiltir tniiy Imve noticed llmt lliere U a near 
pvint At whidi olijui^lH cm be sneii most dUtinully ; 
tills point varies in imlividuiils but inrurayM froiu 
8 to 10 inches. As vre mova furtlier itw.iy from tliu 
■ilUiicI, itltliongli dimiiiislitid in sixe, it in.iy be seen 
nuire eu'ily, mid with lest ufTorl. 

It would appear, then, timt all objects are ren- 
1 nppnrenlly larger, us tlicy cotitiniiu lo upproii::li 
■ ajf) but a limit is soon found to tliis, iis nt a 
' (mce of six inches distinct and enny vidion is n><t 
■ihle (except in very abnormal c:isi>s). 
Tlie n-asDii of this iit well-known— the unterinr 
Pibenl iKiint of II convex lens when xbdriened 
lens this poaterior cnnjug.ito f.wu*. no thai wlmn 
ject is brought too neiir ihe oyu the imajju of it 
^pmjecttid bcliinU the rotiiia, xml the ctysuilliiiH 
ft|^ eaniiot aiHiommodato itself to suuh extremes. 
w thai objects can be seen distinctly at 
: (listsnccs uiiart, and it may be useful to demon- 
^te liow this is brought about. 
_ The flgurc (1) rcpresoiita a cross section 'jf 
tba cryslalline lenf. The real meclianisiu uf 
Meoinmodulion bus been much disputed, but the results, i 
that the curvatures of ihe crystalline lens : re altered a 
a4Bpts his eye to near or remote vision ; 




Fig. 1. 
a observed, are, 
3 observer 
; incroiise of eurvature, of c 



liorb^ning the focal length of the crystalline li'iiB, and being better 
'ipt»d for nesr vixion, while the shallower curve is necessary for 
t distant view of remote objects. Uelmlioltz has shown that the 
tdlOB of curv.-ititre of the anterior surface nt the crystalline lens 
.■angement, from 6 to 10 
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• By referring to Fij;. 3, after Hi'iile. 
it will he. seen tbal the ulilimtle 

luiiic, till? reluiii, mill suK'TOtitii form 
tlie ihii^e iiiilsiik- viiitJH, vK\\v llie , 
! Hire if raniilieil 5jy norve filntiiBnts \ 
i».l lilowl-ve^svk (Fiy. 3.) 

These iiervB fiinnieiilB iiiiil bloo.1- 

/ esse]-' lid in the retimi, wlticli really 

11 forms B continuntioii auil exteiinion 

/ of iLs optic nerve ; it loiiclies tiie 

iBi Lirciimferoiice of the irb at the 

lilt nud lies open ns a cup^mpeJ 

iliac in the interior of the eye ; it 

receives the rnys of liglit wlijcli huve 

passed m turn tliroiifjh the conte«, 

ni|neoiis Uiiiui'iir, cryiil nlline lens, 

mil fiiims a piLtuie at iho foeus of thui^u. 

Tlie nervo hhies of the retiiii are rented probably byn proJuut of tlw 
action of thu li},ht piLtuic U])on the visual purple, and tlm irritation; 
arc transmitted to the biwii bv the optic nervf, producing the sensalion 
of vision 

The pictui-e prodiRed upon the retina has 1>eeii compared with thit 
produced by a photOpTiphic lens upon a screen or ground glass ; but U 
will he seen that the uistanceit are not stncUy parallel. 

Ill the eye the rays falling upon the comcado not again encounter air, 
lite I'icture is foi'meil in the highly refractivp substance, while in the 
phutogruphic imiige air intervenes between ihe screen and the leii^uiil 
between the lenses themselves. 




Then, again, the adaptation of the eye to 
by a process bo dissimilar to thai of the lens 
no comparison should he instituted. 



arious distances ia obtuned 
1 the camera, that it is wdl 



1 delicate membrane li 



Now, if we make a section of the retina, we yhall prolubly find ilf 
atructure very tiimilnr to the diagram. (Fig. 4.) I my probably, na I 
have never met with sections whieh displayed the otnicture so Wfll at 
Max Schullzc has indicntcd. Hi' has described the various Inyers wkidi 
yon see before you, as follows : — 

Starting frnin the junKii-m of the leliim wiHi tlu' vitri'ons hunionr, 
we liavo — 

Tlie Ityer of nerve GWn n. I Thfl niitor cnwulBr U.ror .„™Jt I 

The lnyor nf iirrvo ralli i. A «e™iui line mpnibraiio „ Jl I 

Til" fraimUr ]ij'«r e. TlieUyer of nnU »iii1 pnntu ^ I 

Tlie hilivr t!r*i'akr Uvvr tL Plimieiituni nii-rem of tlic ehgnjd ,,»>.i I 

ThtiiilWIH^IUtolnyer r. ■ 




The retinu its the Unuiiial orgi 
of visiou, nil the ii|i]iar)itii'j 
ttoiil of it bi-iiiK iiicmly foi l.l 
{■uriioo <if suKiiiJilH lliat mi nti' 
mie iiiiaye Hli-mld lie futnss, 
Upon it Am lu how tiie lumi 
01U ill) prep -i'l IIS yitM tn us mu 
& ilefinile i<len of tliiti^H is it i]ii( 
tion still uiiiler cons 
tnany linve trieil to solve it, but 
I nm not enn- whether ve ate 
any nearer I lie nmrk than those iihilosopliera wlio lived 2,000 y (inn ngo. 

Tlieic lire suvfiral curioiw [utiperties iiilierciil in tlie letina. By means 
of the ophtlm]iiiosco{ie iii'iy be Been n imint, n little out of the cenli't.', 
whore the optic iierru eiitcr'< ibe eve. Tliia spn' is totnlly blind, it cnn- 
not perueivi- a I nee of li);lil, iLiid if the inia^'e ••( an object fnlle upon this 
hiitid spot, that Klijeet ix totiilly inviaililc. It it nt this spot nlao where 
the blood-vesAbU enter the eye, and minify tbi'iingh nearly the whole of 
the surface layvrv of the retina. 

In the centre of the fiitui>! (3) you will see also a dark ahaded portion 
ptactiually free from blood- vessels. It is ii round, ycllowitih, elevated 
apot, about ,',th uf an inch iti diameter, iind it is here ih.it the sense of 
nsion ii m^at perfect. It is called the yellow spot of Scerameiing ; il is 
not ciivercd by the fibrous part of the retina, but n layur of closely-set 
cdia passes uvcr it, and in its i:enlre is a minute depru^ion called the 
fovea cenlralin. (I'lute /') 

In the abi'Ve description points only have bten touched which directly 
bear on },'ood or defective vision. On the other bund, cnougli bas been 
ad anced to show iIihI tbi? ori^au is linble to imperfections which may, 
Uid are, extremely liable to modify all our observations made over the 
' tuba of the microscope. 

In order to protluce a picture upon a screen, a lens is not absolutely 
006680.1 ry, if a diaphragm, perforated with a series of holes, 
be placed in front of the electric lamp, the screen will be 
decorated with ax many images of the carbons oa there 
were holes in the diaphragm ; but another illustration will 
perhaps rondci' this move (.-vident. A Rmall hole pierced in tbe shutter 
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it np«^^ 



illummuted liiiiilscape, so tliiit a smiill but iiiverled im'atje is osat 
the suieeii ; the fiirllier thu soireu is plaued awny fmiii the iiiwrture thcj 
larger wilt llie iinags \ia, thniigh loss ilistinot, uml vice veria. The 
picture proiluceil i" nnt so giBui iib tliiiL furmuii liy ;i li-iia, it w ilurk mi 1 
somevrhitt confiiseil at the margin, m<\ if tlie H]M!rUl^ is unlar^ol, tliirri; 
is 8till greater cimfoeiDii, until thu iini^e ix timilly lost, 

Now, if we take an unlinnry lenn of ■;lasa ami atbiiiipt to prrKliice a 
picture with it, we fiml thi- centre alone is plainly visible — thu lena i» 
afflicted with what is termed ^ilwrkal ulien-iitlnn. that i:>, the rays from its 
periphary are brought to a focus in a diffewnt ji/niie to tliOHe occupying a 
central position. 

Xinv, this fault may l.e ilhiatralcd hy Fij; 6. 




But although it is so easily shown in n dia-ram, n anmli amount of 
spherical aberration is not so easily detected by the student, It appears 
as a haze or fog of light over the object. 

In tha hnman eye this defect ia not observable to any great 
degree, as the peripheral or more strongly refracting I'ays are out 
off by the iris. Then, again, the curvature of the cornea is d&O- 
soidal rather than circular, so that the rays farthest from Ihe axis 
are least deviated, whiio the Ivo curves of the crystalline Ioib 
correct, so to speak, the one the other ; and lastly, thin lens IB of 
such construction that its refractive power diminishes from the centre lo 
the circumference. 

Another defect in the eye is ilue Lo the diti'erent 
dissimilar degrees of curvature. 

If a set of concentric circles be observed 
with one eye, they are seldom all distinct 

at the same time, and there is proi' ■' ■ 

kind of Malteae-cii'iBs effect, not pcrc' 
perha])9, in many inalanees witli 
circles, hut nolicealilc when drawn I 
a aixe that the outer one in about twi 
in diameter. (Fig. 7.) 

This defeet is called asiignrnti"! 
known to uculisls irs a cummoD caut^e nt 
lieadacties, Sincnt of tbe focuxaing appa- 
ratus may derange llie xplierieity of the cyt^, I ■- T 
and BO affect vision. Strained vision is very suhji'i^l l<i eIh.-j. iln tli« 
other hand, the anme apparatus may be paralysed, and ordinary rtaiea 
deficient, whilst the focussing of the microscope might possibly correct ti 




Astigmslism has Injurious]]- affectetl (>uiit«is ; Turner for i 
whow later pi<:tiiT«!' are discovered to he slightly distorted, in 
consequence of tlie power of accommodation or solf-coTroction having 
been lost from age. 

In mieroficopic drawing, ns with the cnniera luc:<Ia, llie perspective 
I Bay b« niisreprL-seiit«(l, in consi'qiience of u>tigiunti£m, and thus endlms 
I disputes Diny arise even amoiig the most ivLreful observers 

We hare non- to deal witli errors of rofrangtbility, and it will pnbabl>- 
(llsTe been a<^itiied thnt the eye apimratua it entirety cnrivcied for colour. 
Ehis ie not the rnfe, however, except when ati ohject is in exnel focus, 
I'jiuKl (he reafoii that the error due (o lefmn^Hbiliiy mninina pnctirnlly 
Ttunoticed is thiil the dii'lanee between the focnl point nf ihu red and 
yridet rays is extremely small. Tlie error due to refrangibilily may bo 
j'aoUced by menu." of the concent.rir circles alreiidy referred lo ; by 
I ^^brtgbt dayll{;ht adjust the eyes to some ohject twelve inches away, ard 
V' witiioat moving the eye iusei't nt ii distance of four inches a canl inscribed 



irith bl.iel; eiri;Ie!', when p 
discerned. 



yelioi 



md Mu 



i-olouring will bo phiinly 

In order that the 
reader nmy ihoronjihly 
uiidorvtaiid the error 
of ir-fmufjibility, the 
piciiire alt'ordixl by 
the pagsiigB of a solar 
ray thrun^di a priem of 
filing nmy be thioivn 
ii))un 11 screen, the rnys 
tnc deflrcted iin''[|Ually, 
the K'd Iriu-'t and the 
vicilet most, iia in 
Fig. «. 



t niay he advisable lici-e to stale tliat the deyiee of di.ipnrsion of the 
■ of white ]i<!ht depends upon the medium ihroU};h which the my 
I, and this nmotuit of disjteision in meiisiii'od by the dislnnt^e of the 
i prominent dark lines in the specttuni from ench other. Th« 
d diepovses nuicli less than crown gitms, while the deflection of the 
f !• greater ; bnt this is a subject beyond the scope of the presant 
way. 
Now, beside Iho-ae errors, there are others (o which the microMopiit 
I ahould devote special altenlion; they aio caused by Hmnll opaqus partiolea 
Vcxiatingin the trnnspnront media of the eye-ball. These cast their shadow 
E on the retina, and produce images which appear lo exist outside the eye. 
CThetie extra-retinnl images often appear as globtUea, haeteriod-Hha|)eiI 
Iltodiee, or strings of minute pearly and may be utmUrd by directing tha 
e to a sheet of strongly illuminated opal gliiw, through a uniall npvrlure 
ids with a fine needle in a, piece of thin blaekenwl cardboard. (Pig. V.) 
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When the microscope is used in a vertical position, these globules 
often gravitate to tlio centre of the cornea, and even after prolonged use 
of the inclined tube an observer may often be perplexed by the layer of 
mucus, or a lachrymal discharge covering the surface of the cornea. 

Just a few words as to colour 
perception. Colour is a special 
sensation excited in the retina bv 
rays of adelinittJ wave length, and 
the reason why certain objects are 
IMuseuted to our view with colour 
is that when white light falls 
upon a given surface, some is 
absorbed, the remainder being 
reflected. If the green rays are 
reflected, then the object appears 
green, and if the, red rays are 
alone reflected, then the object 
will be red. 

Tlie generally accepted theory of 
colour perception is based on the 
iissumption that three kimls of 
nerve fibres exist in the retina, the ^' 

excitation of which produces sens itions of red, green, and violet, and that 
modifications of these three sensations yield all intermediate tints. 

This theory will expl liu some of the phenomena of colour blindness — 
if the nerve ftbres which should give their special sensation are paralysed, 
or are wanting, the sensation only of the comi)lementary tint will be 
transmitted with all the defects of the eye. It must not be forgotten 
that many phenomena consist more in eroi-s of judgment than in absolute 
error of form or sensation. 

Now in regard to errors of judgment, we must admit that all our esti- 
mations are made by comparison. In magnitude we arc guided 
by the size of the retinal image as determined by the visual angle — 
for position we must have some starting point; and as for distance, 
every one knows how delusive an inexperienced estimate of this is. At 
sea, a landsman could not judge of the distance of a passing vessel to a 
few miles, nor could we form any accurate idea of the size of any object 
emitting practically ])arallel rays unless we had so metiiing to compare it 
with. 

We now come to a point which has been much disputed in tho study 
of microscopy — binocular vision. 

The two eyes move together as a system, so that we direct the two 
lines of regard to the same point in space and consequently see but a 
single image ; but it is possible to see two — if one eye be displaced a 
little with the linger two images are seen, while if the other be displaced 
to a corresponding degree the one image is restored. 
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The value of binocular vision may be easily ascertained by experiment. 
When a picture is presented to the retina of each eye, the compound 
picture is much brighter than when one retina only is employed. 

To each point of the retina of one eye there is a corresponding point in 
the retina of the other, and impressions produced on one of these points 
are in ordinary circumstances indistinguishable from a similar impression 
produced on the other. 

When both retinsa are similarly impressed, the general effect is that 
the impressions are more intense tlian when one eye only is employed ; nnd 
we also get a perception of relief, that is of form in its three dimensions. 

Take two A eyepieces and look through them to the sky, so that two 
distinct circles are seen ; now bring them together so that one circle ove^ 
laps the other, when this overlapping bi-convex portion will be found 
double the brightness of the remahiing portions of the circles. 

We are indebted to stereoscopic vision for the perception of relief or 
form in tiiree dimensions, which occurs when the images falling upon the 
corresponding points of the two retinas are not exactly similar. In look- 
ing at an object with both eyes the rays do not run parallel from one side 
of the object to the eye on that side, but the right eye centres itself to 
the left side of the object and n'ee-versa. This may readily be seen by 
holding up a finger between our eyes and the wall, and looking at the 
latter. Two lingers may be seen projected on the wall, one of these is 
seen by the right eye and the other by the left ; but our visual impres- 
sions do not inform us which picture is formed by either eye in particular. 
Now, while steadfastly looking at the wall, close the right eye and the 
left finger will disappear, while on shutting the left eye, the right finger 
is rendered invisible. 

When two similar pictures are presented to the eyes, the impreci- 
sion is more vigorous and looked at with greater ea«te than when one 
eye only is employed ; vision in this case is called pseudoscopic. 

Binocular vision should be employed wherever 
practicable ; it will be found much less trying to the 
eyes than monocular efforts. 

I have now mentioned the leading features of the 
human eye, and phown that it is extremely liable to 
imperfection, and, being so, strict attention to details 
is demanded from the microscopist. 

Fig. 10. 

Now, although the human eye is such a wonderful instru- 
ment, there are many problems it is unable to solve without 
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extraneous help. Take, for example, the bunt ot wheat, 
TiUetia caries (Fi<;. 10). With the unaided eye, you 
will be able to discern nothing mote than a black 
dust, the Tarious details having to be made out by other 
means* Then again, with objects so minute as the diatom, 
Ampkipleura pellitcida (Fiff. 11), the object itself is almost 
invisible to the unassisted eye, to say nothing of the beautiful 
carvings witli which the valves are embellished, and which 
exact for their elucidation the moat perfect lenses with which 
we are acquainted, and the most accurate manipulation of the 
illumination. You may, indeed, see the contour of many 
fonns of diatoms without extra optical assistance than that 
afforded us by nature, but not much more than this, as if 
the eye is approached too closely the picture falls behind 
the retina and is lost. 

If we take a very much enlarged picture of the diatom, 
Pleurosigma amjuLatmn^ it illustrates in a remarkable manner 
how errors of observation are likely to creep in. It is hard 
to believe at first that the white circles which are seen are 
not hexagons, but are in fact true circles, which close investi- 
gation will prove. 

I have already mentioned the fact that starting with the 
distance of most distinct vision, continued approach to the 
eye finally renders the object invisible, the rays being thrown 
behind ihe retina, the mechanism of accommodation being 
insufficient to produce a curve deep enough to bring the 
picture to a short conjugate focus. 

This can, however, be done by interposing a lens or lenses 
between the object and the coniea, so that a niriucU image of 
the object is seen. These lenses form either a simple, or a 
eoniiK)und microscope. 
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THE PREPARATION OF ANIMAL TISSUES. 



Most animal tissues require hardening ; a few, such as bone and tooth, 
require softening, whilst certain structures are either destroyed, or the 
features we wish to see distorted, by either process, so that we have to 
examine them in media which we call indifferent, such as f % salt solu- 
tion, etc. Besides the above, we have special operations, sucn as injection 
of blood-vessels, rubbing down of tooth, bone, and so forth. 

We will first describe the hardening processes, prefacing our remarks 
by giving a few general directions. The requisite tissues have to be 
obtained from the newt, frog, pig, sheep, calf, ox, rabbit, cat, dog, horse, 
etc. We have further to requisition the water-beetle, crab, salt water 
mussel, skate, and tadpole. Further, we have to procure newly-born 
animals and fcetuses. 

In hardening tissues from the above, as a general rule we must secure 
penetration of the liquid by placing the tissues in abundance of liquid — 
100 times their bulk or more, and dividing the tissues into sufficiently 
small pieces. The latter object is attained by allowing a quarter of an 
inch, and not more, for the fluid to penetrate. Thus, in placing a solid 
organ, such as liver or kidney, in hardening fluid wo should cut it into 
half-inch cubes, then the deepest part of the cube would be a quarter 
of an inch from the surface. For membranes and organs which have no 
part a quarter of an inch from the surface such as omentum, trachea, etc., 
we divide the parts for other objects, it may be, but not to reduce them 
for penetration of the hardening liquid. 

The tissue must be aa fresh as possible. Parts which have to be treated 
by the silver or gold processes must be taken within half an hour after 
death, or the parts affected by our re-agents will have ceased to be sus- 
ceptible. The time of year also has much to do with this, summer and 
hot weather being a worse time than the cold weather of winter. No 
tissue can be placed in its preservative medium too early. All foreign 
matter such as contents of bowel, etc., must be removed by f% salt 
solution. After a fluid has become fouled by the tissues placed in it, 
it should be changed. All tissues placed in chromic acid solutions must 
be examined daily after a few days to prevent them becoming brittle and 
spoiled. Chromic acid is an excellent medium, but it renders the tissue 
brittle, and spoils it if kept a day or two too long in it Then, again, 
different tissues in the same medium require separate testing. Some may 
be hard enough and require immediate removal, whilst others may remain 
longer. No tissue should be allowed to remain until it is quite hard in 
the chromium preparations, if we wish to finish the hardening in spirit, 
as is commonly the case, but should be removed when it has become 
tough, and has still plenty of elasticity. In changing a tissue to complete 
its hardening in spirit, we must firat of all wash away all its former harden- 
ing medium by soaking it in plain cold water, frequently changing the 
water during the twelve or twenty-four hours we keep it there, so that 
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the last washings may be colourless. We must not put tissues thus 
prepared direct into spirit, but first place them in methylated spirit and 
water, half and half, for twenty-four hours, then in meth : spirit pure. 
In some cases such as testes, brain, tonsil, etc., we require to transfer 
them from the common spirit to absolute alcohol, before making sections. 
The object of hardening is to shrink the tissues, but in shrinking them 
we have to shrink them uniformly, and therefore, gradually ; therefore, 
a fluid that would harden and not penetrate, would harden and shrink 
the tissues nearest the surface, and perhaps allow the interior to soften 
and rot. As a rule,y^e must commence with weaker, and advance to 
stronger, solutions, lor the purpose of penetration, and even shrinking. 
Not only so, but we often have to commence with a fluid remarkable for 
its penetration — such as Miiller's Fluid — which penetrates to great depths, 
but is slow in its hardening capacity, requiring weeks in doing so, but 
frequently not hardening some tissues, sufficiently, at all. We most 
keep a small book, with copious notes ns to the kind of animal, the 
tissue, the date and manner of its death, the nature of the fluids it is in, 
or has already been in, dates of changing, or of substituting fluids, eta 
Each bottle should be labelled with a letter or number, or what is better 
in some cases, a letter and number, any sufficient mark, in fact, which 
may have its corresponding mark in our note book. Mere labelling of 
the bottle, and making notes upon it, will not do for many reasons. For 
extra distinction, we may either wrap the tissue in linen, and tie a label 
to the linen, or we may place special tissues, easily distinguished loose, 
and in the same medium. 

With a further remark, that no hard and fast line can be drawn in the 
matter of time any substance may require to be in a fluid before its trans- 
ference to another fluid, but in most cases the operator must use his judg- 
ment, which, after all, requires some experience, we will now give a 
list of tissues arranged under the hardening fluids. It will be found 
that the same tissue will appear under more than one preparing medium 
in many cases, because the various elements in a tissue may not be all 
demonstrated by treatment in any one fluid ; thus, if we wiah to shew 
tlie cornea corpuscles and nerves, we treat a cornea with gold, whereas, if 
we wish to see its cell spaces, we treat it with silver. So that the same 
tissue, cornea, will be found under gold process and silver process : the 
same obtaining between absolute alcohol and the chromium preparations, 
and still further between the sarcous substance preparations themselves. 



Chromic Acid. 

We make a 1% solution with common water, and reduce it to a fourth, 
sixth, or any other percentage solution we require. 

Bone deprived of its muscles, but not of its periosteum, is steeped in 
very weak solution, then in stronger solution of chromic acid, com- 
mencing with a tenth per cent, and rising to a half, through a period of 
ten days. It is then decalcified by steeping in chromic and nitric fluid 
until a needle can be pushed through it. Then it is washed and trans- 
ferred to spirit. A tooth may be treateil the same 
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MnsoLB. — A bit of muscle from an animal that has been dead a few 
hours is steeped in a small quantity of a i °/^ solution for a week. 
The cleavage of its sarcous substance is shown by teasing a bit in 
glycerine. 

Nbbve. — Harden a piece of meta carpal nerve of a horse, or sciatic 
nerve of a smaller animal, for ten days in a i % solution. Stain a bit 
in logwood, then tease it in glycerine thoroughly. This shows its 
connective tissue. 



Chromic Acid and Spirit. 

Mix one part of i % solution of chromic acid with two parts of 
methylated spirit. This should be done when required for use. 

The following tissues may be placed in this, then transferred to spirit. 
The time required must be judged according to directions already 
given : — 

The whole of one cornea, to show stratified epithelium ; a piece of 
small intestine, to show non-striped muscle ; heart and pericardium of a 
small animal ; small arteries and capillaries from the brain of a sheep, 
after scraping away the brain-substance ; middle-sized artery — such as 
metacarpal of the horse ; trachea and lungs. These are gently injected, 
then immersed in the fluid. 

The lips, tongue, salivary glands, tonsils, cesophagus (distended and 
tied), stomach (after gently washing away its contents with J % salt 
solution), small and large intestines, liver in half-inch cubes, ureter 
and bladder (»listended), ovary, fallopian tubes, uterus (distended per 
vaginam) may be placed in the solution. 

Besides the above, which may be taken from either a dog, cat, or 
guinea pig, the following should be obtained : — The thymus gland of an 
infant 3 skin of scalp, finger and palm of hand, sole of foot from the 
human subject ; also a nail. The eye of an ox divided transversely just 
behind the cornea for the ciliary muscle, sclerotic, cornea, and iris ; also 
the choroid and retina. Of course both halves have to be used. The 
prostate gland and penis of a guinea pig. The cervix uteri of a cow. 
Mammary gland of an animal near the full period of gestation. The 
placenta of a cat, or guinea pig. The umbilical cord, which must bo cut 
into pieces an inch long, and hardened for two days in Miiller's fluid 
before being placed in the present medium. 

With all the above the tissues must daily be examined, after the third 
day, and each transferred after it has become tough. Moreover the fluid 
should be changed after the flrst twenty-four hours, whether changed 
afterwards or not. When many different tissues are in the same jar, the 
quantity of fluid must be such that the upper surface of the tissues extends 
half way up the entire fluid, that is to say, the stratum of tissues and 
stratum of clean fluid over them had better be of equal depth. 



BiCnROMATE OF P0TA8& 

Make a 2 % solution of bichromate of (H>tass, with ordinary water. 
Mego-redum of Cat. Pin this out on cork, and flout it cork upwards 
on the solution for seven days. 
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lAver, After injecting the portal vein with blae gelatine mass, and 
the hepatic artery with carmine gelatine mass, the liver may be hardened 
in the solution to toughness, and, of course, finished in alcolioL 

Spinal Cord of Ox, Pieces an inch long may be placed in the solu- 
tion — frequently changed — from three to five weeks. 

Spinal Coni of Ox, Horse, or Sheep. If pieces about an eighth of an 
inch long be macerated two or three days in an eighth per cent, of the 
solution, the anterior horn of the spinal cord snipped out with scissors, 
and teased in carmine solution, then pressed with a cover glass, using 
Farrant's medium, will show the isolated midtipolar nerve cells very 
beautifully. Wo may isolate the sympathetic nerve cells of the frog in 
the same manner. 

Cornea of Cat, Kabbit, or Guinea-pig should also bo hardened in a two 
per cent, solution for ten days. The lens in a one per cent solution for 
one week. 

Ovaries of the Cow in very small pieces should be macerated in very 
dilute solution to isolate the large, branched pigmented cells of the 
Corpora lutea. 



Ammonium Bichromate. 

A two per cent, solution made with ordinary water may be employed. 

This solution is preferred by many to the potass salt solution. It is 
used in the same way. Columnar epithelium may be prepared as a per- 
manent specimens by placing a piece of fresh intestine of dog, cat, rabbit, 
etc., in a one per cent, solution for two days ; then steeping; an hour or 
two in water and scraping off the epithelium and staining. The cells 
have to be separated with a needle, and may be mounted in Farrant's 
medium, or in glycerine jelly. 



CUROMATE OF AmMONIUM. 

A five per cent, solution is used. 

If u newt's liver (in small pieces) and pieces of the small intestines 
be placed in the solution for forty-eight hours, the liver cells and 
columnar epithelium may be obtained, as in the case above-mentioned. 
The goblet cells of Klein can be beautifully preserved in glycerine jelly 
in this way. The mesentery of the newt may be placed in the solution 
at the same time, and taken out after twenly-four hours. This shows 
the non-striated muscle fibre beautifully. The isolated gastric glands of 
a small mammal may be obtained in the same way by placing bits of 
the fresh mucous membrane for three days in the solution. The testes 
of the newt should be placed in the solution for twenty-four hours, then 
cut into, and their contents squeezed out on to a slide. The spermatozoa 
are thus obtained as a permanent preparation. 

Another important use of the above solution has been pointed out by 
Heidenhain. If small pieces of kidney be placed in the solution for 
forty-eight hours (the cortex should be chosen,) the preparation shews 
the cells of the uriniferous tubules and their peculiarities clearly as 
po other method, probably, can shew them. 
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MOller's Fluid. 

This is made by dissolving 25 gmis. of Potas bichrom ; and 10 grnip. 
Sodae SulpL in 1000 c.c. of water. 

Miiller's fluid has great penetrating power. It hardens slowly, taking 
it may be five to seven weeks. It is useful us a commencing agent to be 
followed by another of greater shrinking power, such as chromic acid and 
spirit solution, common alcohol, etc. Very even shrinking may thus be 
obtained. For example if we cut out the fresh nasal septum and place 
it for two days in Miiller's fluid, then for a week in Chromic 
acid and spirit solution, afterwards in weak, then in pure methylated 
spirit, we get the olfactory epithelium in excellent preservation. 

After the above explanation the reader will have no difi^culty with 
the following delicate structures namely : — Developing tooth, the adenoid 
tissue of lymphatic gland, spleen, thyroid gland, supra-renal-capsules 
(of the horse, by preference) sympathetic ganglion, olfactory epithelium, 
cochlea, testis, epididymis and vas-deferens, ovary, human placenta, etc. 



MtJLLBR's Fluid and Spirit. 

Take three parts of Miiller's fluid and add to it one part of methylated 
spirit and keep it in a dark place. The mixture should be made only as 
required. 

The above is especially useful for the central nervous system. The 
removal of the brain and spinal cord without injury may here be 
described. Immediately after death the skin is removed, or at least the 
skin over the back and neck. Then we separate the neck and head from 
the trunk about the middle of the neck. Next we clear away the 
muscles on each side of the vertebral spines and clip away every spine 
as close as possible with scissors or still stronger shears, such as bone 
forceps. Next with ordinary forceps we grasp the laminae, which cover 
over the spinal cord, one lamina at a time, and break it outwards by 
inserting one blade of the forceps within the neural canal, the other on 
the upper surf.ace of the lamina. We advance down the spine breaking 
the lamin£B outwards, right and left till all the cord with its membranes 
is exposed. We deal with the head part likewise by breaking ofif, bit by 
bit, the top of the skull, inserting one blade into the interior, of course, 
after clearings away the skin and muscles. 

The spinal cord and membranes of a cat, dog, or rabbit should be care- 
fully got out, and suspended in a deep, narrow vessel. The fluid should 
be changed at the end of 24 hours, then after a week. At the 
end of this time, divide into pieces an inch long, and continue the harden- 
ing for another week or two, as may be required. It may be replaced by 
a two% solution of bichromate of ammonium for two weeks, and the pieces 
preserved in spirit, or by Hamilton's method (choral hydrate, 1 2 grains ; 
water, 1 ounce). The cerebellum, cerebrum, and, of course, the medulla 
oblongata may likewise be hardened. In the case of the two former we 
have to divide into suitable pieces for the sake of perfect penetration. 

The iendo acJallen of the calf, and the metacarpal nerve of the hoi-se, 
each in inch long pieces ; also the posterior half of the eye-ball of a pig 
(for the retina) may be haixlened with advantage in this fluid. 
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Absolutb Alcohol. 

This should have a specific gravity of 0*795. It hardens in 24 hours, 
with much slirinking. It is used for secretory glands notably the 
pancreas, which must bo placed direct in it, or the gland may spoil by 
partial self digestion. Therefore we may place the salivary glands, the 
lachrymal glands, pieces from both ends of the stomach for the gastric 
glands, the pancreas in pieces, etc., in it at once. 

If we inject the lymphatic gland of a horse, ox, or smaller quadruped 
with two % Prussian Blue fluid by Klein's method, — introduce a glass 
pipette filled with the fluid into a lacteal near a mesenteric gland and 
blow the solution into it, — then place the gland in absolute alcohol, we 
have the lymph sinuses well injected. The muscle structure of the beetle 
or crab is shewn well by placing a beetle, or the amputated limb of a crab, 
for a week in absolute alcohoL A bit of muscle is scooped out, stained 
and mounted, after being teased with needles. Non-striped muscle may 
be demonstrated thus : — Kill a small animal and wash out a length of the 
small intestine with salt solution : distend it with abs: al : and tie both 
ends ; then suspend it in the alcohol for twelve hours. With a pair t»f 
blunt-pointed forceps we can now tear off strips from the outer surface, 
which will include the longitudinal muscle structure : stain them and 
mount in balsam. 



Picric Acid. 

Make a cold saturated watery solution. Small pieces of tissue harden 
in this in from twelve to forty-eight hours. It is excellent for decalcify- 
ing foetal bones, which may be left in it, and tested from time to 
time with a needle, which ought to be pushed easily through them. 
No time can be specified, in some cases perhaps weeks may be required. 
Prepare the varieties of cartilage with this solution. The aorta (pieces) of 
a large animal (horse, or ox), also a cornea to shew its fibrous tissue : the 
thymus gland of an infant : also a lymphatic gland may all be well prepared 
by remaining in this solution twenty-four, thirty-six, or perhaps forty- 
eight hours. The intracellular plexus of fibrils may be well shewn, 
thus: — Keep a newt in a little water for three, four, or five days, without 
changing the water. Its outer layer of cuticular epithelium is shed as a 
cast of the entire animal. Place the film in the solution twenty-four 
hours, then wash in plain water till no colour is given off*, and preserve 
in common alcohol till required. A snip of this, stained in picro-cannine, 
and mounted in FaiTant's medium, shews the above-named structure 
beautifully. The fibres of white fibrous tissue may be shewn to advan- 
tage, thus : — tear off" fine strips of tendo achilles of an animal, and place 
I hem for twenty-four hours in the solution. By teashig a little piece in 
water, the while fibres, held together by cement substance, are well seen. 

OsMic Acid. 

This is purchased as a 1% solution and diluted with distilled water to 
a half, a quarter per cent, solution, etc., as required. It is a hardening 
agent which also stains fatty matter and is, therefore, useful in 
blackening the medullary nerve fibres. It is very poisonous^ very 
expensive, and soon spoiled by exposure to light It must be kept in a well 
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stoppered bottle, and this must be pasted i-ound with black paper so that 
not a particle of light may be admitted. Substances placed in it harden 
in from four to thirty-six hours, and may be prepared and mounted in 
either glycerine, glycerine jelly, or Farrant's medium. Very little bits, 
not larger than half a grain of wheat, are to be used of any tissue, and 
the bottle they are placed in must also be very small, the little short 
glass tubes in which liomeopatlis keep their least pilules answer well. 

With the above cautions and directions we may enumerate the tissues 
which are treated with advantage by osmic acid. In a 1% solution treat 
costal cartilage of a kitten, puppy or young rabbit, rat or guinea pig, for 
twelve hours : a bit of the sciatic nerve of the frog for ten minutes : the 
non-meduliated nerve running in the wall of the splenic vein of an ox, 
also a bit of human placenta. A 1% solution may be injected into a 
testis with a hypodermic syringe, and the whole organ may then be placed 
in alcohoL The following are best treated with a half per cent, solution, 
namely : — liver cells of a dog or small animal (the liver is cut across and 
the cut surface scraped) are placed in the solution for an hour. Areolar 
tissue is demonstrated by injecting a half per cent, solution into the 
^roin of a puppy or kitten immediately after death. A bulla is thus 
formed, which must be snipped out with scissors, spread on a slide 
and stained with logwood then covered. A half per cent, 
solution may be forcibly injected into the anterior horn of a 
fresh spinal cord. The part is cut out, macerated for two days in dilute 
alcohol, and the multipolar cells isolated by teasing, after staining with 
carmine. A quarter per cent, solution (the strength most frequently 
employed) may be used for shewing mucous tissue ; thus : — inject the 
axilla, or groin, of a very young embryo, as described above. Pieces the 
size of a pea of the following may be hardened in a quarter per cent, 
solntion : Submaxillary gland, fresh pancreas, pieces from each end of 
the stomach, small intestines, supra-renal capsules of the horse, human 
skin. Place a piece of the anterior horn of a fresh spinal cord for 10 
days in a tenth per cent, solution, then, after washing away the greyish 
deposit, place it in an equal quantity of glycerine and water for a fort- 
night ; stain with weak magenta solution, tease in glycerine, and cover 
(Stirling). 



MISCELLANEOUS PREPARATIONS. 
Salt Solution. 

This is made as a three-quarter per cent, solution, that is, '75 grm. in 
100 nc. of water. It is used for washing away foreign matter from 
organs before immei*sing them in other fluids, and for examining fresh 
tissues. In so using it, we place a very small drop on a slide, then 
immerse in this a minute piece of the structure we wish to examine, and 
tease it out with nec«lles ; then put over it a cover glass. 

The following are to be examined : — Fresh columnar epithelium for 
the small intestines : ciliated epithelium scraped from the roof of the 
frog's mouth : ciliary motion may be seen in the yellowish coloured gills 
of the common salt water mussel. Ligamentum nuchae of ox : subcu- 
taneous connective tissue : adipose tissue : red marrow from a long bone : 
striped muscle best seen in sartorius of the frog : nerve fibre, sciatic of 
the frog : fresh pia mater : fresh spleen (the ox spleen by preference) : 
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thymus gland : kidney : Gasserian ganglion : placenta : decidua, eta 
may all be so treated. 



Gltobrikb. 

Margarine crystals may be obtained by steeping morsels of fat for 
twenty-four hours in glycerine. These post mortem products appear as 
delicate needles. 



Water. 
Squamous epithelium may be stained in magenta solution and ex- 
aniiued iu water. To obtain it, scrape the inside of the cheek with a 
blunt knife. The surface of the cheek may be also scraped and the 
scraping examined in water and afterwards irrigated with a five per 
cent, solution of liquor potassae. 

Dilute Alcohol. 

Mix two parts of water with one of rectified spirit. This is a useful 
dissociating solution recommended by Ranvier. 

Olfactory, ciliated and transitional epithelium, may be prepared ps per- 
manent preparations thus : — Place a small piece of fresh trachea of a 
small quadruped f<^r ciliated — a piece of fresh bladder for transitional — 
the head of a frog, with the nostrils slit up, for olfactory epithelium, in 
tiie solution for two days. The parts are then scraped and the 
scmpings stained and mounted in glycerine, or glycerine jelly. Stirling 
" fixes " the ciliated epithelium by placing the scraping in a 1 per cent, 
solution of osmic acid. Non-striped muscle may be obtained by taking 
out the bladder of a fresh-killed frog and distending it with the solution, 
then placing it for twenty-four hours in the solution. After brushing 
away the mucous membrane with a camel's hair-brush, we may stain tlie 
bladder in picro-carmine, and mount a piece in Farrant's medium. We 
may get isolated heart muscle fibres of the frog's and mammalian heart 
by following out the same principles. Purkinje's fibres can be obtained 
by snipping out bits of them (seen as fine transparent lines on the inner 
parts of the walls of the ventricles of the heart of oxen and sheep), and 
placing them in the solution ' for two days, etc. The villi of human 
placenta can be isolated by soaking a piece of placenta two days iu the fluid. 

CHROMIC ACID AND NITRIC ACID SOLUTION. 

This is made by adding 1 c.c. of strong nitric acid to every 100 c.c, of a 
half per cent, solution of chromic acid. It is used as a decalcifying agent 
for the most part. 

Tooth, intervertebral disc with subjacent bone, articular cartilage with 
subjacent bone, costal cartilage of an old person, may each bo placed in a 
large quantity of the fluid, which must be frequently changed, until the 
bony part is softened, which may be known by the needle test. The 
parts are washed free of the acids by frequent changes of water, then 
placed in weak, afterwards in strong, alcohol for preservation. 

Permanent preparations of elastic tissue may be made thus : — Soak 
half-inch cubes of ligamentum nuchae of ox or horse in the fluid for a 
week ; wash free of acids and preserve in spirit, and make transverse and 
longitudinal sections in the usual way. (Stirling). 
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SILVER NITRATE. 



This reagent may either be treated of under the present heading of 
preparing by hardenhiff, softentJigy etc., or under that of staining. We 
prefer the former for tliia reason : — All tissues for microscopic histology 
are prepared from the fresh subject, so are those treated by the silver and 
gold processes. 

We use this reagent to darken the outlines of endotlielial and cartilage 
cells. The cement substance between the cells absorbs our solution ; we 
then wash away the whole of the solution not so absorbed, and expose our 
tissue to diffuse daylight. We tlius have the absorbed solution decom- 
posed into an oxide of silver. Should wo be so unfortunate as 
to allow the least silver solution to remain ujwn the tissue, our prepara- 
tion is spoiled, or at least rendered unsightly by the black oxide granules 
of the decomposed silver nitrate spotting it all over. Again, we must 
wash the tissue, when possible, in distille<l water before treating it with 
our silver solution to get rid of any chlorides there may be. After the 
slide is quite finished the less it is exposed to light the better, after we 
have induced brown or dark brown silver lines. The tissue must be taken 
within a few minutes after death. 

Make a 1 per cent, solution Avith distilled water, taking care that the 
water is thoroughly distilled. We now keep this in a bottle coated all 
over with black paper. Stationers sell this paper ready made ; it is 
gummed on one side and has a dead black surface at the other. We 
then measure out the 1 per cent, solution, and further dilute to a half, a 
third, or a quarter per cent., as required. 

Omentum of nihhit. — Kill a rabbit by bleeding. Remove the omentum 
and wash it in distilled water : place it in a \ per cent, solution ten 
minutes: wash in ordinary water thoroafjldy : place the whole in a 
saucer containing water, and expose to diffuso daylight till slightly brown. 
Small pieces are now stained with logwood and mounted in glycerine 
or glycerine jelly. 

Septum Vydernae Lt/mphaficae magnae of a frog. — Kill a frog and 
immediately open the abdomen. Gently push on one side the stomach, 
bowels, etc., and pour distilled Water on the part behind the stomach, 
when a delicate membrane lloats up. Now pour a i per cent, solution, 
drop by drop, over this till it becomes milky, and treat as above. 

Lungs of a kitten, or puppy. — Distend these with a J per cent, solution 
immediately after death, then ligature the trachea, and sink them in 
alcohol till required. 

Tendon. — Tendons and their sheaths are covered by endothelium. 
Pinch the tail end off a recently killed mouse, and wash the fine tendon 
fibres thus drawn out in distilled water, and treat with a ^ per cent 
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solution. Take another set of these fihres, pencil off their endothelium 
with a camel hair hrush dipped in distilled water, then silver. This 
shows the cell spaces in tendon. 

Cornea, — The cell spaces of cornea may be shown by scraping away 
the epithelium from the anterior surface of the cornea of a pithed frog, 
then applying a 1 per cent, solution till greyish white. The cornea must 
be snipped at its edges, after being silvered, to make it lie flat on the 
slip. A rat's cornea may be likewise treated and stained with logwood. 

Blood Vessels. — ls.\\\ a small quadniped by bleeding. Syringe out the 
blood vessels with distilled water ; then inject a half per cent, solution. 
Use the spleen, mesentery, and intestines. The spleen must be hardened 
in alcohol, and sections cut, exposed to light, aifter staining with log- 
wood, or not, as desired. This shows the endothelium of the venous 
sinuses. The intestines must be cleared of their contents by distilled 
water : exposed to light in a saucer containing water ; a piece of 
small or large intestine is snipped out, laid on a slide with its 
mucous membrane upwards, which is gently scraped away, the musculir 
and serous coats remain, and are to be mounted in balsanu 

Membranous Connective Tissue, — Tlie omentum of an adult cat and 
rabbit, also that of a young rabbit, is to be treated like the omentum of 
rabbit, to shew the membranous connective tissue. The omentum of the 
young rabbit shews developing fat cells and blood-vessels. Some of the 
above ought to be stained with logwooii. 

Adenoid tissue. — With a hypo«lermic syringe inject a fresh lymphatic 
gland with a \ per cent, solution, and after placing it for twenty-foar 
hours in alcohol, make sections. These are stained with logwood, and ex- 
posed to light till brownish. 

Cement sul)stance of non-strifyed muscle. — Wash out a small length el 
intestine of a rabbit with «listilled water ; then till it with a h per cent 
solution, and tie both onds : then place it in a \ per cent, solution for 
a quarter of an hour. Wash away all the silver, and cover over with 
water in a saucer, etc. Thin lamiiKT uf the outer nmsoular tibres are to 
be stripped otl* with bnud nibinnl forcep-. M »unt >«>me stained with 
loi^wood in balsam ; others unstained, as desired. These also show the 
lymphatics. 

Si'iiitic X^rre or <i Fr^'f. — To show K »nvier*s cro>>es, kill a froj!. anJ 
dissect <mt the sciatic nerve, wash it in d:s:illed water, then tense a piece* 
line in length in a \ jn^r cent. solniiv)ii for tive miiiu;e<. Wash it not 
thorvur^hly in wat^-r and lease it caiefuliy in tjivcerine, cover, and expo* 
to light till brownish. Mount a small length of an eaiire thickue»$ol 
an intercostal nerve of a rat or mouse, to >how i;j? endothelial coveriii|^ 
Of course it is not to be te;ised, neither must it W other than gentlj 
washed, or the endothelium will lie knivkeil otf. 

Lt/itiphatics "f tlf* Diapftt\v/m. — ExjK)c>e the |Kv<eri.-r^ventnd)8urfafl» 
of a rabbit or guinea pig, immt-diately after death by bIe-.\Hng, thus : — Lij,* 
lure the gullet and the posterior vena cava, then rvmove all the abdomitfl 
viscera. Tie up by the hind legs then with a bnish dipped in dLstilk^ 
water brush away all the epithelium covering the centrum tendinnm ^ 
the diaphragm. Wash silver solution over it, and treat as tlnJj 
explained. Ttxis silvers the endotbelia lining the lymphatic 
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CHLORIDE OF GOLD. 



This salt is sold in small tubes weighing 15 grains. A two per cent, 
solution is to be made with very pure distilled water, and kept in a black 
bottle, like the silver solution. The operator must also provide himself 
with formic acid and two or three fresh lemons. 

Devdopmeni of Capillaries. — Snip off the tail of a half-grown tadpole, 
place it in a watch glass, and squeeze the juice from a fresh lemon over 
it and let it remain immersed for five or ten minutes; wash it in distilled 
wator to remove all the juice, then steep it for half an hour in a 1 per 
cent solution. Wash away the surplus gold, then place in a mixture of 
one part of formic acid and three parts of water for twenty-four hours in 
a cool place and away from the light. The gold chloride will then be 
feduced. 

The following are to be treated on exactly the same principles : — 

A whole cornea, — That of a pig, dog, or cat, to show the nerves of the 
oomea, also the cornea corpuscles. 

A piece of akin. — This should be taken from the snout of a pig or a 
mole, or both ; also the soft part of a duck's bilL Sections show the 
nerves of skin. 

Striped mitscle, — The recti muscles of a rabbit's eye are to be taken, a 
strip cut oflF lengthwise. These show nerve terminations in striped 
moBcle. 

Muscle toith its tendon. — Take a piece of the diaphragm of a rabbit : 
lei tiie piece be part of the centrum tendiniim with its attached muscle. 
Seelions made in the long axis of the muscle fibres show the terminations 
of muscle in tendon. That is to say, the connecting links are shown. 

Tendon from the tail of a viouse, — After treating a few leashes as above, 
tnip off a piece a lino in length : tease in glycerine and cover, or simply 
press the cover glatss upon it till it flattens out. This preparation shows 
the relations of the cells and fibres in tendon. 

Tail of rat — After treating as above, with the exception that it must 
remain an hour in the gold solution, decalcify, by placing in chromic and 
nitric solution, then make transverse sections and stain. 

Nerve Ganglia. — Treat the heart of a frog, in small pieces, as above ; 
then, with a dissecting microscope, dissect out the nerves and ganglia. 
These are also found lyinq along the course of the abdominal aorta of the 
fi€g, and may be taken from here if preferred. The nerve ganglia of 
the bladder and ureter of a small mammal may likewise be thus 
demonstrated. 

THE INJECTION OF BLOOD VESSELS. 

Blood and lymphatic vessels are easier of demonstration when filled. 
Qie former are better filled with a fluid which becomes solid in ordinary 
unperatures. The vessels must be fully distended at the time and this 
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distention must remain. Gelatine forms the foundation of injection 
masses for the above purposes, because it can be h'quified at blood heat 
and it solidifies in a little lower temperature ; then, again, it is capable 
of being easily cut, and does not become brittle but remains tough and 
resisting though sufficiently «oft. Colouring matter is added to dis- 
tinguish the arteries from the veins, and these again from other channels, 
such as bile ducts, lymphatic vessels, <fec. An imitation of the colour of 
the natural fluid the vessel contains is mostly preferred : — red for arteries, 
blue for veins, and so forth. 

Red Mass. 

This is made of gelatine coloured with carmine. There are several ways 
of making it, but whatever way may be chosen the greatest care must 
be exercised in making it a tieutral or at least a slightly acid mass ; 
because, if it be alkaline it will diffuse through the vessels and stain the 
adjacent tissues and render the preparation completely worthless. The 
mass had better bo a little more than neutral, slightly acid, but if too 
acid granulation of the carmine takes place, and the fluid will not be 
driven into the arterioles, much less the capillaries. Parts injected by a 
carmine and gelatine mass must be immersed in equal parts of water, 
and meth. spirit, having 1 p.c. of acid in it. 

Cartei'^8 Mass. — Dr. Carter directs the mass to be made as follows : — 
Take of Carmine, 60 grains. 

Strong ammonia, 120 minims. 

Glacial acetic acid, 86 minims. 

Solution of gelatine (glyc: 1 part water 6 parts) 2 oz. 

Water, 1^ oz. 

Dissolve the carmine in the ammonia and water with the aid of a gentle 
heat, and filter; add to this 1| oz. of hot gelatine solution, and mix 
thoroughly. Add the acid to the remaining i oz. of gelatine solution, 
and drop this into the heated carmine mixture, with constant stirring. 

Dr. Stirling's Mass : — 

Take of Carmine, 60 grains. 

Strong ammonia, 60 minims. 
Glacial acetic acid, 80 minims (about). 
Gelatine (Cox, or Coigncts), 1 oz. 
Water, q.s. 

Soak the gelatine in water several hours : pour off* the water which is 
not absorbed after the gelatine is completely swollen up, and melt it in a 
water bath. Then strain, while hot, through flannel, and make up the 
solution to 2 oz. Place the carmine in a mortar, and add to it the 
ammonia and 2 oz. of water, and leave it for twelve hours. Then filter, 
and add the acetic acid drop by drop, stirring all the while, until ibe 
ammonia is completely neutralised. As the ammonia becomes faint, 
the acid must be added very cautiously. As long as there is free 
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ammonia the fluid is didl red, but becomes a florid, bright colour tho 
moment the ammonia is neutralised. ^ow mix the two solutions at a 
temperature of 40" C. 

Dr. G. Sims Woodhcad's Mass : — 

Take of Carmine (pure), 4 parts, by weight. 
Liq. ammonia, 8 parts, by measure. 
Gelatine (Cox and Coignet's), 10 parts, by weight 
Distilled water, 100 parts, by measure. 

Put the carmine in a mortar, and pour on the ammonia, when an 
almost black paste will be formed, if the carmine is pure ; pour on the 
water, and set the solution aside to filter. Place the gelatine in a narrow 
glass jar, and add sufficient distilled water to cover it, and allow it to 
stand till the gelatine is thoroughly softened. Warm the carmine solu- 
tion in a pan of water (kept nearly boiling on a gas jet or near the fire), 
and add the gelatine ; stir thoroughly, and add a ten per cent, solution 
of acetic acid, drop by drop, until the alkalinity of the ammonia is 
neutralised, and the fluid even slightly acid. The point at which this 
takes place will be recognised by tho pimgent odour of the ammonia 
becoming gradually lost, and that of the acid substituted, and the fluid 
loses its bright carmine, transparent colour, and turns a dull brownish red. 

We have given the above formulre for making the same thing for 
several reasons. First of all, the operator will be struck by the con- 
trast, which is so slight, but which does exist. We have given the three 
in their order, reckoned by their date of publication. There would 
be no reason Avhatever for not adhering rigidly to Carter's formula, but 
each operator thinks he sees a better way of neutralising the ammonia. 
With the exception of the change of colour test, we prefer Stirling's 
method, which, however, is greatly improved by making a diluted acetic 
acid solution, by adding the acid to a dram or two of water, when the 
pouring to or adding is more easily controlled. It will be noticed that Dr. 
Wood head takes a ten per cent, solution. 

Blue Mass. 

This is made by adding soluble Prussian blue in place of the carmine. 

Take of Soluble Prussian blue, 4 drams. 
Gelatine, 4 oz. 
Distilled >vater, 20 oz. 

Treat the gelatine the same as in making the carmine mass, using half 
the water ; then achl the Prussian blue dissolved in the other half of the 
water, keeping both solutions hot, and constantly stirring whilst cooling 
is going on. 

IxJECTiNo Apparatus. 

The most usual way of injecting the blood-vessels is by means of the 
ordinary injection syringe. This requires a great amount of practice. 
The animal has to be kept in hot water \ the mass has to be kept hot 
usually in a separate vessel, and time has to be allowed between each 
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Byringeful, for the fluid to penetrate. Then, again, if air gets in on 
introducing the point of the ayringo into the euuket of the pipe that in 
tied into the artery, the fluid will not rnn at all. 

The constant preasure apparatus of Luilwig, now that a simple and 
thoroughly efiicient mothoU of getting the constant pressure hy means of an 
ordinary Higginson's syringe, ns discovered and described by Fearnley, 
will take the place of the syringe, and of every other method in future. 

No practice is required with this simple contrivance, beyond introduc- 
ing and tying in the nozslc in the aorta. There is a bath, luving a 




shallow part for the aniiiiul to He in, and a deeper part for the Woulffa 
bottle, containing the injection mass, lo stand in. A large (-10 ounce) 
Woulfl"8 bottle, with three necks, is fitted with three perforated india- 
rubber stoppers. The middle stopper is perfomteil with a glass Uibe, 
which gof H to the bottom of the bottle. Each of the others is perforat«d 
with a glaas tube, the depth of the sLopjwr only, and standing above tbi 
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stopper Hufficienlly to admit of n piece of indiambber tubin;; (auch as ir 
usud with infant^' feeding bottloa) beiii^' fixed upan it. Tlie Wonlff'a 
bollle contiiinin^' the mass, has two necks, filled with indUrubbec 
stoppers. One neck admits a pieco of gt.is8 tube, wbich ^'oes quite to the 
bottom of the bottle ; the other admits a short pieuc of tube, the depth 
of the stopper only. Tlie diagram shews ilII further detail. Tbe 
apparatus is made hy Messrs. Swift & Son, 81, Tottenham Court Road, 
London, W.C. 



FBARVLKY 3 CONSTANT PRESSUBB APPARATOS. 

Tlie mercurial manometer allowp five indies rise of the mercury in the 
ascending arm— tliereforo, five inches fall of the descending arm — though 
four inches will do. 

To inject an animal — a rabbit, fur instance, — proceed as follows: — 
Fill the bath with water, and beat the water with a. Bunscn's burner to 
100' Fall, or ca The WoulfTa bottle containing the mass should be filled 
and thoroughly stoppered Then chloroform the rabbit and make an L 
shaped incision into the thorax, so as to expose the heart and aorta. 
This is done by cutting up the miiliUe line of the sternum (breastbone) as 
far as the root of the neck nenrlij then making a second incii-ion at right 
angles to ibis, to the rabbit's left. A triangular flap is thus made, and 
the heart enclosed in the pericardium exposed. Having cut through the 
pericardium, eeize the apex of the heart wiih a pair of forceps and snip 
it ofI| Ihon the heart'i^ apex apiwars as in A, Fig. 2. That is to say, the 
right and It^ft vnntriclcs are opciiml mid l.hc .iiiimid instantly bleeds to 
death. 




The opiM.u^ iu iiii^ Ji-l.i v..'iit.i.l 
hos a crcHccnl slmpu or slit-Iike »\-\i 
laft ventricle, leading to the norln, i^ 



, lii.iiiiu^' lo ihe pulmonary artery 
urancL- : whilst tlie o|>ening in the 
ronnd, Therefore, if w? wish Vi 
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inject the entire arterial system, we insert our nozzle into the round hole, 
but if we wish to inject the pulmonary system only we choose the 
crescentic slit. 

Either glass nozzles, or those shown in Fig. 2, are to be inserted into 
one or other of the two holes (usually the round one for injecting the 
entire arterial system with carmine and gelatine mass). We can now 
either tie the artery only, or we can tie the whole heart substance. In 
either case a ligature of floss silk is to be passed round (the artery or the 
entire heart) and tightly tied and secured. Before proceeding further, 
we wash out the cavity of the thorax of all blood to keep our 
bath-water clean, then we lift the animal into the bath ancl there let it 
remain ten minutes or so to get well warmeil. It is a good plan to slit 
open the entire abdomen in the middle line, so as to allow the warm 
water to freely get around the abdominal contents : the mass thus gets 
into every organ and into every part of an organ evenly. 

We now connect the pressure bottle with the manometer and with the 
Higginson's syringe, as shown in the figure, also with the mass bottle. 
The tube of the mass bottle which is to convey the mass away from the 
bottle is now clamped, as shown at C Fig. 2, and must never for im 
instant be allowed to get out of the warm water into the cold air. 

Having our small basin full of water, we now squeeze the Higgin?on's 
syringe, watching the manometer, to raise the mercury half-an-inch. 
This done, we remove the clamp from the efflux tube, and the red fluid, 
after driving out a few air bubbles, begins to flow out, we, at once, make 
the connection, and all quicksands are passed if we have tied in our 
nozzles properly into the artery and the connecting part, and fastened 
in our stoppers thoroughly into our Woulfi^s bottles. 

Our task is easy now : all we do is to seize the head of the animal, 
which shoulil be to our left, with our left hand to watch the pule giuns, 
tongue, and eyelids become suffused with a pale blush which gradually 
deepens, whiUt we gently squeeze and relax the barrel of the syriiiL^Miaiid 
glance at the mercury from time to lime. When the mercury has risen 
four, or at most five inclies, the whole animal will be completely in- 
jected : the visible mucous membranes and bowels will be dark led and 
much swollen. 

We now remove the animal, and place it in ice cold water or under a 
common water tap for an hour or two, and divide it into parts as re- 
quired. 

This method of applying pressure is wonderfully delicate; thus-, whilst 
we can raise the mercury in the manometer almost imperceptibly, one 
entire sipieeze of the barrel raises the mercury one inch. 
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HOW TO PRESERVE BOTANICAL SPECIMENS. 



Botanical specimens can, with great advantage, be cut fresh as they 
are gathered. This is not always convenient, however, so that we re- 
quire a preserving medium. Preserving them is simplicity itself, as all 
we require is to place them in equal parts of methylated spirit and water, 
where they may remain for any length of time. 



ON ANIMAL AND VEGETABLE SECTION CUTTING. 

No part of histological work has undergone such a rapid change as the 
so-called "section cutting." Almost within the last twelve months 
changes have taken place, which have rendered the art almost ridiculously 
simple, if one may he allowed the expression. By means of Cathcart's 
microtome and a common piano iron, the most unskilful and unpractical 
can cut sections of animal and vegetable tissues, of exquisite thinness, at 
the rate of sixty or seventy per minute. We shall mention other micro- 
tomes, and we shall have to point out the short-comings of each. Indeed, 
the one we have mentioned is, like all things human or of human origin, 
not absolutely perfect. 

Most tissues, especially animal tissues, are now cut by the freezing pro- 
cess : cutting by hand and razor is practically obsolete : cutting by im- 
bedding and the well-microlome of Stirling is still in vogue, and, in some 
cases, such as in wood sections, will probably remain so. Speaking 
generally, however, animal tissues are cut with a freezing microtome. 

We now pass on to notice the four principle freezing microtomes, and 
in doing so, it will be best to take them in their chronological order. 



Professor Kuthkrforu's Microtome. 

This i? Stirling's original well and screw-microtome, plus an ice box 
arrangement. It is used by tilling the ice box with well-powdered and 
mixed ice and bay salt, equal quantities. Whilst freezing is going for- 
ward the well may be covered with felt. One or several tissues can be 
cut at once, either with a Kutherford's knife, or, what is now found to 
be far better, a plane iron. By a plane iron, we moan the iron taken out 
of a carpenter's smoothing plane. The iron must be 2^ inches broad : thiy 
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cost one ehilliug and sixpence each, and are either used with or without a 
uovcriiig of wood. When double-facod witli wood, the handliog of ihera is 
more pleasant, but it docs not add to ollicii-iicy. The iron must be 




"liarjidicii on a vBry Hinooth hone, and then wull stropped. In ^harpen- 
iiig, faro must uu taken to rub the eiitiiv k:i<jlh of the uuttiug edge 



evenlj This 
in such a wa^ 
amne time I 
plane iron a. 




IS beat JuiR by taking care to rub the ed^q on the itoo* 
that 'tpry portion of its length is upon the stone at tlw 
n Rtrn>iiin^ it will be found moat convenient to rest thi 
iinst a table edge, and push or pull the strop over it 
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The advantage of the Rutherford freezing microtome is that it can be 
also used as an onlinary Stirling's microtome for imbedding in carrot or 
WAX. Its disadvantrtge is the same a» that of ice-freezing machines 
of whatever descriplion : that it is cold, disagreeable work filling in the 
ice and salt, and the foimer is not always to bo obtained, and when onca 
charged, cutting must follow, or the ice melts and gets spent. 

Mr. C. Baker. 244, High Holborn, W,C., aells an excellent Euther- 
ford'a freering microtome, which, of course, muet have its cutting faco 
covered with plate glass. 



WiLUAHa' Freezing Micbotomk. 

This is made hy Messrs. Swift ife Son, 81, Tottenham Court Road, 
London, AA'.C., who nlao make a registered knife carrier, which carries 
the blade of a raxor: the whole goes under the name of "Swift's Knife." 
Until the plane iron was thought of, Swift's Knife liad the field all to 
itself moat undoubtedly, and there will still be those who will prefer it to 
the plane iron. 

Thia freeing microtome must be used either with Swift's knife or some 
contrivance of a similar nature. This combination has thia great advan- 
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lage : that in winter, when ka is plcnljfui, llii? iiiinhiii.- is ili;irj,'fcd, n 
freezes strongly for an hour r>r mure, for ehiss work this is excel- 
lent : the attendant charges the machine just before ihe class ineel», and 



&e diiMiiiiihufiit cnts a kadR^ jw ctio — cl aa j {Kepved tisme in a few 
Hiimfies. If Iw wiahi Xo ettt anodisr spedmeo^ he deuB awaj the first, 
aai dean out ch* gE<K?T» oa ch* top of ch* Kctioa earner with the back 
of a kulb : (hon h« plw^ kia spociBieii upon the machine, and paints 
it iQOBd wisk gvna sohtua^ aad the whole firecns fit for cutting in one 
BiBTxfie or «L Whk tst iifide pcactke^ it is qoxtm easy to cut fifty 
exceOoLt ^ectiaas of each of fifk e tt or twenty ^eebnois with one charge 
of ieeandaah. 

To atana^ Swift*s knifc^ we proteed thos : — First take the blade away, 
and lay it fiat apoa a saootk hoae weHotled, and mb it first on one side, 
thai the other, antxl ike emim eiffs on «ther side is groond by the hone 
at occe. The witter rubbed o¥er twenty hours before this was accom- 
plished with the laaor blade of h» Swift's knife. Both sides of the 
blade are groond quite fat» to begin with, not hollowed ; but cutlers 
either cannot or will not grind a blade with its back and its edge per- 
f^dlif parallel, so that this has to be done by one's sell Having ground 
the knife bbde^ we fix it in the handle and strop ik We then take off 
the handle and fix the bUe in the carriw in such a way that the edge 
must be perfectly leTel with the top of the microtome, and on a much 
lower lerel than the back. This podtioB ol the knife in the frame is to 
the last degree essential, and we eileet it thus : — ^First place the knife- 
blade in the frame, and lower the screws which the 4Bdge of the blade 
resta upon, so that the edge is lower than the back a good deaL After 
making it firm, we complete the lerelling by Reeling a piece of tissue, 
and taking away a thick section, cutting away from us, with the knife in 
the frame just as we hare put it rou^y. We now place each end of 
the blade idtemately against the tame part or bit of the frocen tissue, and 
raise or lower either end by screwing either of the two screws nearest to 
us. All is now complete, and we cut away section after section by 
lowering the knife edge for each fresh cut by $nvuig the screw furthest 
away from us a part of a revolution. 



To Fill an Ice Microtomk. 

Get a piece, or pieces, of ice the size of two closed fists, and the same 
bulk of either common table salt or, what is better, bay salt Powder 
both, and thoroughly mix them. The ice is most readily reduced to fine 
j)owder by being surrounded with flannel and bruised with a broad-faced 
hammer, or a carpenter's mallet. Fill in the mixed ice and salt and press 
it well down, but take care that the trough of the microtome is not fo 
full that the top touches the ice and salt. The top is to be placed oa the 
microtome and screwed fast. In winter the machine, after being charged, 
is ready for freezing in five minutes or so ; in summer it may be ten 
minutes or more. Freezing proceeds, as we have before said, for an hour 
or two. The waste pipe at the bottom of the microtome is to be connected 
by caoutchouc tubing, with a baxin to receive the melted ice. 
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The ilisndvantafre of Williams' microtome is, that, like nil ice micro- 
totnes, it ia disasreeable to charge even when ice is plentiful, and cutting 
must lake place at the time the mncliine ia cliarged ; that ia to bhj, if the 
operator in called awajr, as in medical practice often hapjiena, his 
ebarge nell« and has to be renewed. 



Fbabnley's Etebh Freezing Microtohs. 



of Williams' ice freezin(( micro- 
; ia now called the Grove-Willio 
Swift and Son, and used with Swift's 



Dr. Groves auggested the i 
lome into an other freezer, 
microtome, iind is mode by Mes 
knife. 

For those who are not made il! by the inhalation of atmoapheric 
chai^ged with ether, the beat and ainipleat ether freezer for use with Sw 
knife is Fearnlej'a ether freezing microtome. Tliis is aimply the top 




of the Grove-WilJianis' TLiicniin,,),-, Mip[..irtu.i by iliree or four le?a. 
The ether nozzle is imnif-diiiti'ly under the frame of the ylass jilale, 
and the bottle of ether stands beside the machine on the table as 
■hewn in wood-cut. Fearnley'ii microtome ia also made by Messre. 
Swift and Son. 

CiTHCAHT'a JIlCROTOllB. 

This is an ether-freeztng microtome for use, either with a atoat raxor, 
or with a plane iron. Catbcart's invention, used with a plane iron, for 
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clieapuess, simplicity, and efficacy, cannot be approached hy any ether or 
ice microtome we know of. Its cost is only some tifteeit oi sixteen shilHnga, 
and is, therefore, well within a student's means. The plane iron costs 
one shilling and sixpence ; and Me^ra. Kichanlsen, chemists, Leicester, 
~ sell methylated ether at one shilling and fourpcnce per pound, which 
answers admirably. With the expenditure of two iJrama of ether, the 
operator can cut sixty or seventy sections in almost aa many seconds, 
every section being of exquisite thinness. 

A little gum Eolution is first placed on the plate, and almost frozen : 
then the tissue to be cut is placed ujwn it, and surrounded with gum 
solution, and the whole frozen. The tissue is elecaied. lo thi }mife by a 
very small fraction of a revolution of the screw with the left hand, 
whilst the right drives the plane iron. The iron must be held with the 
edge /ar below the level of the rest of the iron, and the screw movement 
and tlie push of the iron movement, must take place alternately. Wheji 
a mass of sections has accumulated on the iron, it must be floated off into 
a saucer of water. After freezing and cutting about liaIf'a>dozen speci' 
mens, the operator will startle himself with the rapidity of his own 
movements. To anyone used to working with mechanics' tools, the fed 
of the iron travelling over the glass and cutting through the tissue as 
through cheese, ia extremely pleasant. We could like to see the screw 
of this microtome made much thicker, and the threads finer, and the 
head of the screw half aa wide again in diameter. With these slight 
improvements, in our opinion, the microtome would be Absolutely 
jierfect. 




Cathcart's Microtome, like nil elhei freezers, depends mostly npon lli* 
noKzlea being good. Mr, Coppock,of 100, New Bond Street, who scUaCalli- 
carl's Microtome, is very parliculitr that ihe nnales he sends out *n 



examiaed and approved by n competent judge — Llie test of a good epray 
nozzle with this Microtome is the time taken from the spray commencing 
to act to the fir^t appearance of ice. With this Microtome and good 
nomles the time is from five to ten seconilB. B.id nozzlea take fifteen ( 
twenty seconds, and the spray is coarae and a larger i]iiiintity of etlier 
used. Two drams of ether for eocA specimen in orilinnry tempoTatun 
is ample. Wliun once the specimen is frozen tiii-oiigii, tlie whole is cut 
into sections without a single jet of spray furtlier. 

Gdm and Sykcp Prbsekvino Fluid. 
The very greatest objection to the use of freezing Microtomes was the 
impossibility of taking spirit hardened material and cutting it without 
an eighteen or twenty-four hours' preparation. Up to a few months' ago 
anyone wishing to cut by freezing had to take his specimens out of 
spirit, cut them of convenient size, and soak them in waler for twelve 
or more hours, to gel rid of the spirit, then place them in gum solution 
some hours further. This was a great draw-back, and rendered it a 
necessity that the operator must tiiink over what he wished to cut, and 
prepare it through tuKJity-four hours previoualy I 

All this is changed. Specimens are now kept the year round, if the 
operator chooses, in gum and syrup, iiaving a little carbolic acid in 
it, and he freezes and cuts any tissue so placeii at any moment he 
likes. 

To make the gum and syrup medium : — 

Take of Gum mucilagei (B.P.), 5 paits. 
«Sj'rup, 3 parts. 
Add five grains of pure carbolic acid to each ounce of the above 
uedium. 

Tissues may remain in this any length of time. For brain, spinal 
cord, retina and all tissues liable to come in pieces, put four parts of 
syrup to five of gum. , 

The operator will do well to make the gum mucilage and eynip 
separately, and keep them so till wanted. 



To CUT Tiaaoiia, soaked in Gun and Syrup MBmoH. 
Take a piece of tissue, not more than an eighth of an inch thick, and 
press it gently between a soft cloth to remove all the gum and syrup 
from Ike ouliide of the tissue. Set the spray going, and piint on the 
freezing plate a little gum mucilage : then put the tissue upon this, 
and surround It with gum mucilage, with a camel hair brush. 

iQani mucilt^ H.P is mails by placing 4 ounce] of jncksil (pun acacia ii 
ounew of distillal water, luJ stirring iKcaiioualiy until the gum it diawlveil. Tliii ' 
ii to be itniiiieil tlirougti tnasliii. 

sSrrup is made by iliwolviiig 1 puunil of loaf sugar ia 1 piat of diitilled wi 
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Note. — The reader wiU see that the tissue is saturated with gum and 
syrup, but surrounded when being frozen by gum mucilage only. This 
combination prevents the sections curling up, on the one hand, or 
splintering from being too hard frozen on the other. Should freezing 
have been carried too far, the operator must wait a few seconds. It 
ought to cut like cheese. 



Cutting by Imbedding. 

Whilst vegetable fungi and all friable vegetable tissue is best cut by 
the gum and syrup process, stems, petioles, etc., also animal tissues fresh 
from spirit, are cut by being imbedded in carrot and placed in the micro- 
tome of Stirling, or Rutherford. 

The operator requires a nest of cork borers, one of these must cut a 
plug of carrot exactly to fit the well of the microtome. This plug must 
be an inch in depth. He is now to split this in two equal halves by a 
vnrtical cut. He now takes a cork borer the size of the tissue he wishes 
to imbed, and gouges the interior of the halved plug, so that on being 
placed together the two halves gently but firmly grasp the tissue. Now 
he sinks the plug, grasping the tissue, into the well of the microtome, and 
does so in such a way that the slit of the plug will be in a line from left 
to right of him as he sits cutting. By doing this his razor has not to 
cut through the entire plug every time, but only the half nearest to 
him. 

The knife must have its edge and back strictly parallel^ or it must be 
ground so after purchase. It must also be hollow ground on both sides, 
or at least on the side which rests on the cutting surface of the micro- 
tome — which must be of glass in all cases. Mr. C. Baker, 244, High 
Holbom, W.C., sells the knife wo allude to. 

He must have a soup plate filled with methylated spirit and water, 
equal quantities, also a saucer of the same, on the table in front of him. 
Every time he cuts a section he must dip his knife in the soup plate and 
carry a pool of fluid and place it on the surface of the microtome, so as 
to keep it flooded. Each section is carried into the saucer by thd knife. 
Of course he must have a pail in front of him on the floor to catch waste 
spirit and water. 

Carrots are to be obtained the year round, almost. Those fond of 
messes can imbed in wax, or in cacao butter, etc. We only mention this 
way of embedding to condemn it, as quite unnecessary and dirty in every 
way. 

All things which spoil by imbedding can be frozen and cut, whether 
they be animal or vegetable. 



STAINS AND STAINING. 



It is now usual to bring into prominence the various elementary 
tissues of which a section may be composed by staining them with one, 
two, or more stains. Up to the present time, no stain has been found to 
equal logwood for certainty and permanency of results, and beauty of 
colour, which, besides being beautiful, is also not too tiring for the eye. 
We go further, and say that the more a hislologist departs from a use of 
logwood and adopts other stains, the more unsatisfactory will be his total 
results. If ten men were each to make for himself a histologiciil cabinet, 
the work of each being equal in other ways, the one who would produce 
tlie best cabinet would be found to have used logwood and 
picro-canninate of ammonia for the great majority of his slides, using other 
Htains which have been found to suit special cases, such as aniline-blue- 
black for nerve centres, methyl-aniline for amyloid or waxy degenerations 
in pathological liistology in a few cases only. He would further have 
l)een found to have used benzole-balsam as his mounting medium in the 
fa<e of his logwood stains, and glycerine Jelly for mounting his picro- 
carmine slides. Such a cabinet would last a thousand yeai-s, and be as 
perfect the last day as on the first. On the other hand, the worst cabinet 
especially after, say about 10 years, would be found to have been 
composed of -ixfeAo logwood slides, mounted in dammar varnish, and the 
great majority stained with all sorts of aniline and other fancy dyes, and 
mounted in glycerine. The dammar preparations would be found to be 
little better tlian fine grey dust, and the fancy dyes to be conspicuous 
by their absence. So far as can be judged by our present data a prepa- 
ration stained with log^vood, and mounted in balsam is unchangeable ; 
so is a preparation stained with picro-carminate of ammonia, and mounted 
in good glycerine jelly. 

With these preliminary remarks we now proceed to give formula for 
those stains, and ihoae (nily^ which have beeti found really good in every 
way. As staining is yet in its infancy, we daily read of a fresh stain, 
and a new method of staining. We need scarcely to draw the atten- 
tion of our readers to the present mania for** rushing into print," and 
the numerous worthless, not to say senseless, communications to our 
various journals on the subject of dyes for histological work. We advise 
the histologist to ask himself this question : — Is it my object to make for 
myself a complete, educative, histological cabinet, or to investigate the 
subject of stains, and therefore to experiment with the various stains ? 
The operator should settle this question once for all, and before he com- 
mences his work. 
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Aqueous Logwood Stain. — Take 60 grms. of dried extract of 
haematoQcylin^ 180 grma. of powdered alum and rub them thoroughly 
together in a mortar, adding slmoly 300 c.c of distilled water : mix 
carefully, then filter. To the filtrate add 20 c.c. of absolute alcohol and 
preserve in a stoppered bottle. The solution should be kept in a cool 
place for at least a fortnight before using. The older this solution, the 
more excellent it becomes. Harris and Power. 

Alcoholic Logwood Stain. — Take a sufficient quantity of 70 per cent 
alcohol, absolute alcohol, calcic chloride, powdered alum, and haema- 
toxylin and mix thus : Make three saturated solutions, 

a. Of calcic chloride in 70 per cent, alcohol. 
h. Of powdered alum in 70 per cent, alcohol, 
c. Of hsematoxylin in absolute alcohol. 

Mix one part of a in eight parts of h^ and to this add c drop by drop^ 
until a deep purple colour results. Use only a small quantity of absolute 
alcohol in making r, as the haematoxylin is very soluble. The colour 
deepens and improves by keeping. Kleikenberg. 

Carmine Stain. — Place a dram of the best carmine in a mortar, and 
pour over it two drams of strong solution of ammonia and let it stand 
for twenty-four hours. Take four ounces of a saturated solution of borax 
in distilled water, and rub down the carmine and ammonia with it ; then 
filter and keep in a stoppered bottle. 

Note. — The operator takes his choice of logwood and carmine as .-i 
stain as they are used in exactly the same cases as a rule. Most people 
prefer the logwood as being less tiring to the eye. 

Picro-Carminate of Ammonia. — This stain, commonly called picro- 
carmine, was introduced by Ranvier, and is a double stain. Make it by 
dissolving 2 grms. of the picro-carmine in crystals in 100 c.c. of distilled 
water, in other words a 2 per cent, solution, and filtering. The picro- 
carmine is soM by Mr. Martindale, of 10, New Cavendish Street, Port- 
land Place, W., also by Messrs. Hopkin and Williams, Cross Street, 
Ilatton Garden. 

Sulph-Indigotate op Soda. — Make a saturated solution of sulph- 
indigotate of soda in distilled water. Keep this in a stoppered bottle. 
The sulph-indigotate of soda is sold by Messrs. Hopkin and "Williams. 

Aniline Blue-Black. — Dissolve 1 decigram in 4 c.c of di8tille<l 
water. To this add 100 c.c. of rectified spirit, and preserve in a stopperet) 
bottle. This stains rapidly, and gives a pleasant slate-grey colour, and 
is of great value for the nervous system, especially the nerve centres 
Stirling. Sections are to be mounted in benzole balsam. 

Iodine Green. — Keep a saturated solution of this in a two-ounoc bot- 
tle, using distilled water. When required, make a one per cent i$olutioii» 
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also with distilled water, and filter. Iodine Green is a multiple stain, 
really, as it gives di£ferent tints of the same colour. 

The above stains are the usual c very-day stains used for normal histo- 
logical tissues. Gold^ Silver^ and Otonic Acid^ have already been des- 
cribed. 



On Staining. 

With Logwood. — Take a few minims of either the aqueous or the 
alcoholic solution as may be required — usually the former — and place 
them in a dram of distilled water, then filter into a watch glass. Before 
placing the sections in it they must first bo pLiced in a 1 p.c. solution 
of sodium bicarbonate if the tissue has been hardened in any chromium 
or any acid medium. After this they are to be washed in distilled 
water of 30° to 40° C. They are now placed in the watch glass of 
filtered solution of haematoxylin for five minutes, or as long jus required. 
The time is judged by taking out a section now and then, and washing 
it in distilled water and noticing the depth of its colour. When the 
colour is deep enough, it should never be very deep, the sections are to 
be placed in spirit for 

Dehydration. — All sections, stained or unstained, to be mounted in 
balsam, must fii-st be dehydrated^ i.e., deprived of all their water. To 
effect this, it is only necessary to place them for 1 5 minutes in niythe- 
lated spirit, or for 5 minutes or less in absolute alcohol. After this, 
they are ready for 

CiJiARiNG. — By clearing is meant the rendering of the tissues moi-e 
transparent. To effect this, clove oil and rectified oil of turpentine lue 
used. The former is usually used alone, but it is better to use both ; 
the oil of cloves first. Place the sections from the dehydrating spirit 
into the oil of cloves until they sink, which they will do in a few minutes, 
more or less. After they have sunk, transfer them to oil of turpentine, 
which dissolves and disperses the oil of cloves, and (which is very 
important) clears away any dirt or contamination the sections may have 
accidentally acquired. 

Note. — Another very important use of oil of turpentine thus used is 
that it enables the operator to mount his specimen in balsam if he so 
desire immediately : the balsam dispersing, or combining with the oil of 
turpentine. 

Carmine Staining. — Wash the sections in distilled water then in a 
1 per cent, solution of sodium bicarbonate and again in distilled 
water. Now transfer these to the cannine staining fluid, whith is 
placed in a watch glass, from one to five minutes as may be 
required. When stained sufficiently, transfer them to methylated spiiit, 
and after washing them in this, transfer them to a mixuire of 
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methylated spirit, 5 parts ; pure hydrochloric acid, 1 part This sliarpens 
their colour, and takes out superfluous staining. They must be closely 
watched whilst in this mixture, or it may take out all the colour. From 
one to five minutes is the time during which they remain closely watched, 
iis wo have said, and removed the instant the process has gone far enough. 
They are tranferred from this mixture to methylated spirit, in which they 
may remain till required for mounting. 

They are to be cleared and dehydrated exactly as before described, and 
mounted in benzole balsam. 

PiORO-CARMiNB Stainino. — Pass the sections through distilled water, 
1% sodium bicarbonate, and again through distilled water, as in carmine 
staining. After this transfer to a 2 per cent, solution of picro-carmiue 
for as long as is required. The time in which sections are to remain in 
this stain varies from a few minutes to twenty-four hours. They seldom 
are over-stained by it. They are to be transferred directly to the mount- 
ing medium, as will be presently described. 

81JLPH-INDIGOTATE OF Soda Staining. — The sections are first stained 
in carmine as though we were intending to mount them after staining in 
carmine only. The last process (washing in spirit to get rid of all the 
4icid) must be most thorough, such as allowing them to remain in a large 
^[uantity of it for a couple of hours. They are then transferred to the 
sulph-indigotate spirit. This is made by adding about two drops of the 
i^aturated aqueous solution, as described above, to the ouiu:e of methy- 
lated spirit, and should be freshly made for each time of using. The 
sections are to be placed in a good quantity of this (two or three ounces) 
for about four hours, not less. It is best to place the sections and sulph- 
indigotate spirit in a wide mouthed stoppered bottle during the lime the 
stahiing is going on. 

Aniline Blue-Black Staining. — Wash the sections in distilled 
water then transfer them to the stain as described above. When pretty 
deeply stainevl clear, dehydrate and mount in Benzole Balsam. 

Iodine Green Staining. — Take the sections fresli from spirit and 
place them upon the surface of a 1 per cent, aqueous solution of the stain. 
The sections float upon the stain until the spirit they contain is displaced, 
and then they sink. When just about to sink, instantly remove them to 
distilled water and wash, then clear, dehydrate and mount in Benzole 
Balsam. 




Slidei. — It 18 customar; to mount microecopical objectu on glass slides 
Ot slipB three inches by one in Eiiglancl. On the Continent this is not 
• BO generally (lie rule and gives rise to inconvenience when aii English 
microscopist purcliasesa slide of another dimension, the slide may not fit 
the cabinet. Of course, the slide ought to be chosen acconling to the 
object mounted, but we do well to adhere tn the ubuhI size when pos- 
sible. The quality of the glass should be looked to ; n slide should be of 
thin sound clear gloss, and neatly jjrouud ou the ends and side?. 

Oovere. — These are square, round, and oval in shape. When we have 
our choice, rounds are best, if we wish to finish a. slide neatly by running 
around the cover a little cement. Squares are excellent, especially for 
I mounting in Bulsam. If, however, we have an oblong object lo mount, 
an oblong or an oval cover should be chosen. The thickness of the 
cover is highly important, and ought always to be marked upon tho label 
of the slide, though ihia precaation is often neglected. In consequence 
of the rays of light being diffracted by the cover, the thick cover glass 
ought to he avoided except in especial cases. Cover glasses are sold in 
qualities marked No. 1, No. 2, and No. 3, those of the lii>t number 
being the thinnest and moat expensive. Covers are sold by the ounce, 
and an ounce of No. 1 covers ought to contoin hardly any cover over 
■006. An ounce of No. 1 covers ought to have a fair proportion of -OOS 
inch glasses in it; still more of '004 than 005 advancing in proportion from 
'003 to '006. Should an ounce of No. I covers contain more than a. dozen 
or at most a score over -006 it ought to be returned. As the objectives 
now used are immersion, or ought to he, for powers higher thnii an 
eiijhth the thickness of the cover may be of less importance. For instance, 
Messrs. Powell and Lcaland's ,j oil immersion lens, even when worked 
witli its high angled front, works through a cover of 006 inch nio»l per- 
fectly. Almost anything in hiatolcgical work can be seen with an objec- 
tive of a i inth power : only exeeplionally do we require so high a [wwer 
aa the iVinch. We ought, however, to use no cover thicker tlian a ■006 
inch, if possible. There are numerous coverglass measures. Measni. 
» make an cicellent one, but it is rather expensive. As most 



4 



Xlvi. METHODS OF MICROSCOPICAL RBSEARCH. 



amateurs would be provided for amply by a very few ounces of covers, 
to purchase a measurer out and out seems to all but the wealthy a hard- 
ship. With Ross' cover-glass measure we measured an ounce of No. 1 
covers, and placed each in its proper place (in this case, pill boxes 
marked on the lid according to size of contents), in less than half an 
hour. 

Cleaning Covers and Slips. — This process differs according to the dirt 
or matter to be removed. In covers and slides that have not been used, 
it is best to place them in strong sulphuric acid for an hour or two : then 
transfer them to methylated spirit for an hour or two. We now take 
the covers out, one by one, and rub them with a clean old silk handker- 
chief very carefully. The slips are rough dried, on any clean rag, then 
rubbed clean with chamois leather. When slides and covers have been 
used for balsam, or have had zinc cement run on them, or any hard sub- 
stance usually employed in mounting, they ought to be placed in a 
strong solution of caustic soda for a few hours, then rough dried with a 
clean rag and polished — the covers with a clean piece of old silk, the 
slides with chamois leather. 

LaheU. — We should like to see more information on labels than is usually 
the case. A model label should be divided into two parts, one for 
each end of the slide. The one ought to have upon it the name of 
the object, its origin, an 1 its mode of preparation ; thus, suppose it be a 
section of lens, we should have ** Lens T.S. from Rabbit, prepared in 
Pot. Bichrom and Spirit." The words ** from " and " prep, in " should 
be in print ; the former occupying a place a little below the middle of the 
left side of the label ; the latter a little below this again. The other 
half of the label ought to tell with what the object is stained ; 
what it is mounted in ; the thickness of the cover ; and the 
date of mounting. The printing would be " Stained " •* Mtd. 
in" " Cover '00 " **Date." The words occupying the extreme left 
of the label in the order from above downwards we have given, taking 
care to leave a small space after the two ciphers for the last of the three 
numerals to be inserted in writing, thus, ** Cover "006," the 6 would 
have to be written by the one who mounted the specimen. We have 
only to add that if the labels were tastefully margined, and evenly printed 
on sheets of paper — of various tints to suit the tastes of the various 
purchasei*s — each sheet containing one of the halves of the labels 
only, they would be a boon to histologists. Most labels as now sold 
have nothing upon them but a bleared, thick, unsightly margin, and they 
ore printed upon the sheet of paper as evenly as if they had rained upon 
the sheet, po that we require a special kind of scissors, not yet invented^ 
to prevent cutting every second label in halves as we labour to cut evenly 
around tlw label wo are endeavouring to isolate. 

Transfemire of Sectiom. — Thick sections, such as are used for opaque 
objecti", can be handled anyhow ; but sections only the ,00 inch thick. 
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and still thinner, have to be transferred from place to place with great 
tact and care, or they are torn and disfigured. Sections are transferred 
by floating ; by camel hair brushes ; by lifters, &c. Many histologists re- 
commend the first as the only method of dealing with the 
more delicate sections. By practice, however, the two latter methods 
may be safely used. Excellent section lifters are sold by Mr. Stanley, 
Optician, Lomlon Bridge, and others. They should be kept of two sizes 
for large and small sections. Further, one of each size should have 
lioles drilled through it to freely allow fluid to pass through. This is 
advantageous, as it allows the lifter to retain the section with certainty, 
whilst a section in water or spirit will float away from a lifter not so 
l^rforated in consequence of the thin layer of water which remains 
between the surface of the lifter and the section, carrying the section 
away. The lifters not perforated are used to transfer a section from 
the clearing oil to the slide. In this case a thin layer of oil must remain 
between lifter and section or the latter will not float off", but will have 
to be d nigged off", and will very likely be torn. We advise amateurs 
to transfer sections by means of brushes and lifters, but until they have 
acquired the art of doing so without injuring the section, they will do 
well to avail themselves of the floating method in the case of their 
delicate and valuable sections. 

1. The Float hi ff Mftliod. — When sections are transferred en maasr 
from one vessel to another, they may be boldly poured in like water 
alone, using a wide funnel, and ignoring the presence of the sections : from 
a saucer into a wide-mouthed bottle, for instance. When a section is to 
be landed upon the exact centre of a slide : when it is a very thin tender 
Section, and when it requires skill to prevent creases, we elloct this by 
holding our slide in our left hand and a camel hair brush in the other. 
We then dip the slide into the fluid in which the section is floating, and 
gently bring its exact centre under the section, and place the brush upon 
the edge of the section nearest to our left hand : we now withdraw the 
whole. If we find the section in creases, and not lying flat on the slide, 
it ijj easy, whilst we hold it with the brush on its left border, to float it 
out, and spread it out evenly before altogether withdrawing it. 

2. Trainff fining with bntuhes. Small camel hair brushes with few 
but long hairs are used. The brush is merely dipjHjd under the section 
and raised. The section then sits like a saddle upon the brush and can 
1« transferred to another fluid by the moi^t unpractised without injury. 
If, however, the section is to l>e spread out on a dry slide the matter is 
more difficult. In such a case we allow the most dependent part of the 
section to come down on the slide flrst and the slight drag of this part 
on the slide enables us to get the brush from under the section by revolv- 
ing the brush on its long axis aicfti/ from that portion of the section which 
i** touching the slide. This manccuvre is a little diflicult, but is a most 
useful method of transferring a section to a slide and at the same time 
Kpreadiiig it out flat. 
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3. By Section Lifters. — We insert the lifter beneath the section with 
our left hand, whilst with our right we hold a mounted needle or a brush, 
to fix the edges of the section nearest to our left upon the slide and 
withdraw the whole. If the section be lifted from the clearing oil to 
the slide the superfluous oil is got rid of by touching a dry clean slide 
once or twice with the edge of the lifter. If, however, we drain away all 
the oil, and the section is delicate, or large and delicate, it will adhere to 
the lifter and be torn in attempting to draw it upon the slide from the 
lifter, which we do by our needle, or brush. It requires therefore, some 
experience to' stop short of withdrawing too much oil from the 
lifter and section. It is a fault in the right direction to 
float' any amount of oil upon the slide from the lifter rather than have 
to drag and tear the section after withdrawing too much oiL To get rid 
of the oil on the section as it lies on the slide is quite easy. We incline 
the slide on its end by rearing it against any perpendicular body, and the 
oil drains away down the slide, whose lowest end should rest on blotting 
paper. After a little while we bring a piece of blotting paper upon the 
section, whilst the slide is lying section upwards, and stroke our right 
hand twice over it firmly, exactly as we should do were it wet ink on a 
sheet of notepaper. The section, however delicate, is safely and thuroughly 
deprived of its oil by this means, and not injured in the least. The 
blotting paper may have to be brought down on the section in two fresh 
places rapidly, one after the other. This leaves the section ready for our 
benzole balsam. 
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Description of Materials. 



Olyeefine C, Hg 3 It is the hydrate of the trivalent radical Glyceryl. 
tt is a sweet syrupy liquid, obtained by the decomposition of fats and oils* 
principally as a by-product in the manufacture of candles and soaps. The 
fatty acids are used to make candles and soaps, when combined with 
soda or potash. Pure glycerine is colourless and odourless, frdely mis- 
cible with water and alcohol in all proportions ; but with oils it only 
emulsifies, and does not perfectly blend. It is a solvent of many ^Ika* 
loids and their salts, as well as resins. The purist is prepared by dis- 
tillation : although not volatile without decomposition, yet it passes over 
ondecomposed in the vapour of water, and may be concentrated by care- 
ful evaporation. This mode of preparing it, was patented by Price's 
Candle Company, but now much distilled glycerine is imported from 
Germany. Glycerines of inferior quality have a disagreeable smell, 
and are sometimes coloured. Good glycerine should not be coloured 
after being subjected for two hours to the action of an added solution of 
the nitrate of silver. 



Glycerine JpUy, 



Take of 



Gelatine . . . 
Distilled water 
Glycerine .4. 
Rect. Spirit ..» 
White of Egg 
Salicylic Acid 



• i • 



•*• 



300 grains 
6 ounces 
6 ounces 
6 drams 
6 drams 
12 grains 



tiOt the Gelatine soak thoroughly in the water, then dissolve in a 
water-bath i add the spirit, and mix well* When cool, but still fluidi 
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add the white of egg, mix and heat to boiling point to completely 
coagulate the albumen : add the glycerine with the salicylic acid in it by 
the aid of heat : mix well and filter, while still hot, through paper previ- 
ously moistened with distilled water ; the whole should be kept in a hot 
chamber whilst filtering. (Martindale.) 

Canada Balsam, — This is the oleo-resin obtained from Abies Bdlsamea 
and Pinus Canadensis and is mostly imported from Quebec. The Balsam 
is obtained from the tree by puncturing the blisters, or vesicles, which 
form under the bark of the trunk or its branches, and collecting their fluid- 
contents in a bottle. It is at first opaque, but gradually clarifies and 
becomes transparent. It consists of 24 per cent, of volatile oil, 60 per 
cent, of resins soluble in boiling alcohol, and of 16 per cent, of resins 
soluble in Ether, but insoluble in alcohol. As it dries slowly, it is, for 
histological purposes, generally evaporated until brittle, and dissolved 
either in Chloroform or Benzole. These solutions dry rapidly, and are per- 
fectly transparent. 

In order to prepare Canada Balsam for histological use it should be 
j/'dn^^j/ heated over a sand-bath until it becomes quite hard and brittle. If the 
heat be too great it bums the Balsam, and renders it brown, and there- 
fore spoils it. When quite dry and brittle it is to be broken up into small 
pieces and dissolved in Benzole and filtered for use. 

Asphalt, — This is also called mineral pitch. It is a hard, brittle, 
black or brownish black resinous mineral found in many parts of the 
world. It breaks with a resinous fracture and melts at about 100* C: easily 
takes fire : is soluble in chloroform, ether, benzole, volatile and fixed 
oils 'y but only partially so in alcohoL 

White Zinc Cement, — This is made as follows : — 

Take of Benzole ... ... ... 8 parts 

Gum Dammar ... ... 8 parts 

Oxide of Zinc ... ... 1 part. 

Mix the gum dammar and the benzole, filter through cotton wadding, 
after which mix in the oxide of zinc in a mortar and again filter through 
the wadding. (Woodhead.) 

To mount hi Glycerine. — Place the slip on a turn table, and run upon 
it a ring of asphalt. The ring should be the size of the cover, 
which, of course, should be a round cover. When the as* 
phalt is half dry, but still sticky, place the section on the slip, and 
put over it a drop of glycerine ; then lower the cover over it in the usual 
way, and gently press the edge of the cover all round, so as to make it 
adhere to the as]>halt. Should it not do so at any point, gently warm 
the asphalt by holding the slip over tlic flame of a spirit lamp, then presr 
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the cover home. The slide can now be dipped in water, and any glycerine 
that has overflowed or been pressed out, washed off with a camel-hair 
brash. After drying it can be ringed with white zinc cement. 

To Mount in Glycerine Jelly, —Warm the jelly in a water bath. 
This is most readily effected by placing the bottle containing the jelly in 
hot water — an old tinned meat can filled with water, and placed over a 
spirit lamp or Bunsen's burner is a good and cheap water bath. The 
jelly must only just be melted, any extra heat being prejudicial. The 
jelly is landed on the slide with a small hollow glass rod or cylinder 
closed with the index finger of the right hand. The section should first 
be placed in the centre of the slip, and well surrounded by the medium — 
water that has been boiled, or distilled water — from which it was taken : 
the jelly is run upon it in great abundance, and the cover lowered upon 
it 

To Mount in Canada Balsam, — By Balsam we mean Benzole Balsam. 
This is effected by either of two processes : — the rapid, and the slow, or 
drying, process. The former has to be resorted to in most cases, but 
where the operator has time, the latter way is by far the best, as the 
slides can be placed in spirit, and the superfluous balsam cleared away 
immediately the cover is turned over. 

The quick or instantaneous method of mounting in balsam is simply 
to place a drop of it on the slip or cover, then to lower the cover upon 
the slip. 

The slow or exposure method consists of allowing twelve or eighteen 
hours to elapse before placing the cover on the slip — the drop of Benzole 
Balsam being exposed to the air during this time. It is as follows : — 
Supposing numerous sections are being mounted, a clean slip is breathed 
upon, and three clean covers are stuck upon it, each cover being placed 
on the slip the instant after a deep expiration of breath has bedewed the 
slip. The extremely minute layer of moisture suffices to make the cover 
sit fast on the slip. A section is placed on each cover, then a 
large drop of Balsam is placed on each section, and the slip 
with its three covers, &c., is placed somewhere out of the 
way of dust. At the end of twelve or eighteen hours the covers are 
turned over on to well cleaned slides, the latter, not the covers,^ being 

^Tbis slow method of mounting in Balsam was discovered by the Editor many 
years ago, and^ he has freely taught it to many pupils. The pages of a contemporary 
recently contained a grotesquely worded description of the process, which otherwise 
was moderately correct ; the writer, however, directed bis audience to warm the 
cover (n J in the flame of a spirit lamp — the cover with the section upon it ! ! 

The writer, in describing the process, declared it was a process he had discovered 
after much labour and time spent in experimenting. The discovery was made by 
peeping over Messrs. Cole and Son's shoulders, like a second Paul Pry, during the 
few montbt this person worked iu Messrs. Cole and Son's Laboratory. 
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wanned by being held in the flame of a spirit lamp a few seconds, which 
causes the balsam to run freely as the cover is lowered upon the warmed 
slip. Avery minute drop of fresh benzole balsam may be placed upon the ex- 
treme edge of the cover, next to the condensed balsam, if thought de* 
sirable. This minute drop is made to touch the warmed slip first, and 
mingles with and sets going, so to speak, the condensed balsam. 

Ringing slides with Cement — Slides which contain sections mounted 
ih Glycerine Jelly must have their superfluous jelly scraped off with a 
knife and then be washed in water. Slides with Balsam mounts must 
be placed in a plate containing methylated spirit and then rubbed with a 
cloth dipped in the spirit until all superfluous balsam is removed. 

When dry and clean the slide is placed upon a turntable and 
centred accurately. This is done by watching the rim of the cover 
as the table rotates ; it is the cover that must be centred, and, therefore, 
the cover rim must not deviate in any direction as the table rotates. 

White zinc cement is put on ; then, after this is dry, a ring of 
asphalt is run upon the zinc ring to give the whole slide a smart 
appearance. 

The brushes used must be rinsed in benzole and dried in the air. 

Care of the Hands, — If the hands get stained with magenta or other 
dye which cannot be washed off in the ordinary manner, they may be 
thoroughly cleaned by washing in hot water, containing ''washing-soda 
and a table-spoonful or two of chloride of lime. 
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(Continued). 



Full and special directions have been given under the heading 
" Methods op Prbparation " for the mounting and general treatment of 
the varibuef animal and vegetable organs and tissues, wliich have been 
de8cribec^ in the essays forming Volumes 1 and 2 of the " Siudies 
IN Microscopical Sciknce," for the preparation of **hard " sections of bone, 
teeth, &c., and of Petrological specimens. It is now necessary to give practical 
instructions in the mounting of various preparations. 

The Preparation of DiATOMACEiB. 

Diatohis may be said to be absolutely ubiquitous ; recent and fossil, 
living or dead, they are reidily obtainable in vast numbers, and of 
infinite variety. In nearly all waters, fresh or salt, still or running, in 
marshy districts, on the surface of the ocean, or attached to algee and 
shells, they abound in a living and growing state, whilst their siliceous 
valves, after the death of the cell-contents, are to be found, in a more or 
less perfect ctmdition, as deposits at the bottom of rivers and ponds and 
on the sea floor. From the stomachs of holothurians, ascidians, molluscs, 
and of various shell-fish, exquisite varieties have been obtained in pro- 
fusion. As fossils they form beds of enormous extent, intermixed with 
the siliceous casts of polycystina, radiolarian8, i^c, and the calcareous 
shells of foraminifera, whilst fossil deposits purely diatoniaceous and 
yielding the most beautiful, rare and varied forms have been dis- 
cofered in all parts of our globe. In order to clean diatoms and render 
them fit for mounting, as either " selected " or " strewed " slides, con- 
siderable experience and great care are necessary. The sub-siliceous 
varieties especially require very delicate treatment, whilst many of the 
fossil and recent forms, which are intensely siliceous, must receive alto- 
gether " heroic " and drattic m«*asure8 in order to ensure perfect cleansing 
of the surfaces of the valves. There have been nearly as many nostrums 
propounded and published for the cleaning and mounting of l)iatom3 as 
there are genera and species of the Diatomaceee themselves. Years of 
experience and constant experiments have led us to the conclusion 
that the simplest and safest modes of treatment are the best. 
For living Diatoms — and especially for the sub-siliceous forms (e.f/., 
Pleurosigma ) the following method will give perfect results. Re- 
move all dirt, debris, and salt, by repealed washings ; thoroughly 
shaking up the gathering each time and allowing the Diatoms to 
settle before pouring off the water ; in this way all soluble impurities 
can be removed. When the water remains clear, after shaking, pour it 
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off, leaving the Diatoms as nearly as possible dry ; cover them to about 
one inch in depth with absohite alcohol, or the strongest ordinary alcohol, 
this will gradually dissolve and extract all the endochrt)rae from tiie 
valves ; change the alcohol daily until it ceases to be tinged with green. 
Wash off all trace of alcohol, pour off all water, place the Diatoms in a 
platinum capsule and heat them to a dull red over a " Bunsen " burner ; 
this will separate the frustules into single valves, and put the finish- 
ing stroke to the cleaning of the Diatomic, which may be now bottled up 
in distilled water for future mounting. 

To Clean Diatoms growing upon algce or shells. — Pi ace the algae or 
shell debris in a large basin (in order to allow space for effervescence), 
cover them with water, add hydrochloric acid, and stir until violent 
effervescence results ; add acid, little by little, until effervescence ceases — 
thoroughly stirring from time to time — strain through net of sufficiently 
fine texture to admit of the Diatoms passing, but to retain the d6bris. 
AVTien the forms shall have thoroughly settled down, pour off all water, 
and place the strained deposit in a large te»t-tube. Boil in pure hydro- 
chloric acid for twenty minutes ; add pure nitric acid, and boil again for 
twenty minutes. Whilst boiling add crystals of chlorate of potash until 
complete bleaching results ; remove all trace of acids and alkali by 
repeated washings, and examine the forms ; if perfectly clean bottle 
them up for mounting ; if, as is sometimes the case, there has been animal 
matter present, which has not been entirely removed, boil in pure 
sulphuric ncid for a few minutes, and wash away all trace of the acid 
before bottling the Diatoms in distilled water. 

To Clean Fossil Dlatomaceons Deposits. — Some fossil deposits are 
of such extreme hardness that it is necessary to resort to caustic potash 
for their disintegration ; it is, however, better, whensoever possible, to 
dispense with this powerful alkali since, even in the most careful and 
practised hands, more or less abrasion of the surface of the valves will 
be found to result from its use. When a fossil deposit will not yield to 
milder treatment, it must be broken into small piece-*, placed in a test tube, 
just covered with the solution of caustic-potash, and boih»d for half-a- 
minute (only) over the flame of a " Bunsen " burner ; pour off into a glass 
beaker nearly full of water all the deposit which has been disintegrated by 
the potash and repeat the process until all the lumps are broken up. Then, 
wlien all the forms have settled to the bottom of the water in the beaker, 
pour off the waier, remove the Diatoms into a large test tube, fill tliH test 
lube nearly full of water, add a small quantity of bicarbonate of soda, 
and let the Diatoms gently "simmer" in this weak solution for two hours. 
\\i\^\\ away all soda, and boil the Diatoms for a few minutes in pure 
nitricj acid. Wash away all trace of acid, and bottle up the Diatoms in 
distilled water. 

Fossil deposits which can be disintegrated without caustic potash 
should be boiled in a test-tube of large capacity, in a moderately strong 
solution of bi-carbonate of soda — the disintegrated portions being, from 
tame to titue, poured off into a beaker and the b3iling in bi-carbonate ol 



THE PREPARATION OF THE DIATOMACBJS. Iv, 

Foda repeated until all the deposit has broken up ; when Ihe alkaline 
solution should bo washed away and the Diatoms boiled, for a short time 
in nitric acid— all traces of which are to be removed by repeated washings 
and the forms bottled up in di^tilled water for future use. 

To mount Diatoms " ^^/y." — All " dry " mounts of Diatoms, whether 
" strewed " or " selected," are liable to destruction or deterioration from 
an accumulation of moisture u]M)n the under side of the cover, which 
moisture, sooner or later, and in defiance of all precautions, always makes 
its appearance. ** Dry mounts " are therefore always, more or les.«, 
unsatisfactory and unreliable and to be avoi«led as much as possible. The 
best method of mounting Diatoms "dry" — whether for "test "or as 
" arranged " slides — is to make a cell of the best asphalt, of the neces- 
sary thickness by adding coat upon coat of the asphalt, not by making 
the cell of sufficient depth at one operation. Spread the Diatoms upon 
the cover, if necessary ** burn " them upon the cover, /.«., place the cover 
u}>on a ]uece of thick platinum foil and raise it, slowly and carefully, to 
a dull red heat over the flame of a " Bunsen " burner ; thoroughly heat 
the slip with the asphalt cell upon it ; wliilst il is Imt (and therefore 
cfrtahUt/ free from all damp or moisture) place tiie, equally hot, cover 
carefully upon the cell, pressing down ihe cover and making sure that it 
adheres thoroughly and evenly to the cell — run a rin*; of asphalt round 
the edge of the cover ; when this is hard, ring the cell with two coats 
of while zinc cement, letting the fir^t coat dry thoroughly before applying 
the second. 

To mount Diatoms in CaTuida Balaam, S^'c, — Canada Balsam has been, 
hitherto, universally employed as the best medium in which to mount 
Diatoms. It has stood the lest of time, and proved fairly permanent and 
reliable hardened Bal.-ani re-<lissolved in Benzole or Chloroform is, how- 
ever, by no means so satisfactory in its results as ordinary Balsam, since 
it does not admit of being submitted to the application of direct heat, 
after the slide is mounted ; any attempt so to harden the 
Balsam, resulting in the production of air-bubbles, which carry away 
the forms in the ebullition caused in the endeavour to drive out the air, 
and without heat, applied directly, the Balsam never "sets" hard. Dia- 
toms should therefore be mounted in chemically pure, filtered Balsam, 
diluted to the consistency of trt-acle with pure turpentine. The Diatoms 
in " strewed " slides should he allowed to fall upon the cover fr(»m a 
**dippin^'-tul)e " held at a height of three or four inches above it — the 
sntlden fall of the drop causing the Diatoms to spread eveidy upon the 
surface of the covert The tlrop upon the cover should then be dried, Vi ry 
slowly, by means of a *' Bunsen " burner placed underneath the brass 
table upon which the cover (lying upon a 3 x 1 slip) has been placeii. 
When it is desired to mount many slides of the same gathering of Diatoms 
the requisite number of covers should be cleaned, and three of them laid 

iThe even spreading of the Diatoms on the cover will be further ensured by 

breathing upon it In-fore allowing the drop to fall, whilst in selecting Diatonies if 

the cover upon which they are to be placed is breathed upon the forms will adhere 
to it. 
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upon a slip, previously breatheil upon to cause the coven to rest firmly 
upon it, and the slips laid upon the brass table ; a drop of water contain- 
ing the Diatoms should then be allowed to fall upon each cover, as 
previously recommended, and the covers can all be dried together, a 
sufficient quantity of the turpentine-balsam should then be put upon the 
covers, which should be placed in a cabinet with trays, or under a glass shade, 
so that all dust may be excluded, for 24 hours. By this means the perfect 
permeation of the forms by the Balsam, and the consequent removal of nil 
air are secured before the fiwjil nompleiion of the mounts an advantage po ob- 
vious that further comment is unnecessary. The covers should then be re- 
])laced upon the brass table and subjected to gentle heat from a ''Bunseii" 
burner until the Balsam is hard, the cover should then be taken up by 
means of forceps, and a slip being made hot the cover should be placetl 
precisely in the centre of the slip, which should then be held over the 
** Bunsen " burner until the Balsam runs to a neatly bevilled edge round 
the cover. No air-bubbles will trouble the mounter if this process is 
carefully practised. This is the so-called ** exposure-process," which was 
invented by the Editor in 1870, and the success of which induced him to 
devise the necessary modifications upon it and to construct the necessary 
appliances in order to adopt it to the mounting of histological and other 
preparations.! Slides of "selected" Diatoms should be mounted in 
the same manner, the forms being picked up by means of a 
carefully chosen hair from the dried hide of a cow. The 
soft and flexible hairs taken from the under side of iJie neck 
being those most suitable for the purpose. These han-s 
are to be affixed to the cedar sticks used with " camel-hair pt^ncils " by 
means of sealing-wax dissolved in alcohol, and a number should be pre- 
pared having the hairs of difiei-ent lengths in order to obtain varieties of 
strength and elasticity. Some hairs should be mounted of considerable 
length, as the mounter of Diatoms and other such minute specimens must 
learn to put them back symmutrically into their required positions und^r 
the microscope^ and in the Bahsam when they float away, a little practice 
will soon lead to the acquirement of this absolutely nfce.i<sari/ skill, and 
it will be found not difficult to heat the liardeiufd Balsam (many times if 
necessary), and whilst it is hot t'», very rapidly, replace a form in its 
desired position, whilst with a tine needle all hairs ami other imperfec- 
tions can be removed and absolute cleanliness ensured. 

^Iii onler to ensure the placing the cover exactly in the centre of the slip, either 
of the three following devices will be found convenient : — 

Firstly. Upon a small white tile draw,inchinapaintingcolour8(whicb8hould be burnt 
in) a 3 x 1 space (representing a slip), with its precise centre strongly marked. 
This tile will be found of great use in suddenly cooling Balsam, when that may be 
desirable. 

Secondly. Cover a 3 x 1 slip with white paper, rule lint-a faintly from each toj> 
corner to its opposite bottom corner, the intersection of these lines will give the exact 
centre of the slip, which can be marked by a dark siwt. 

Thirdly. With a writing-diamond make, U|)on a slip, i>laced on a turn-table, 
concentric circles, ^in., gin., fin., and ^in. in diameter; each sized cover can then 
be placed precisely in the centre, if the blip on which the cover io to be placed is laid 
upon that ui)on which the circles have been desciibed, the circles, of course, being 
clearly visible through the su()er- imposed slip. 
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For a considerable time experiments have been in progress in the hope 
of discovering a medium, in which to mount Diatoms, which should be 
more satisfactory, in respect of its refractive index, than Canada Bidsam 
and equally reliable and permanent ; many such media have been tried — 
phosphorus, monobromide of naphthaline, and others ; but it is unne- 
cessary to enter into details concerning them since the desired results 
have recently been obtained by Dr. Van Heurck, who has succeeded in 
providing a jo^r/cc/ substitute for Balsam in gum-styrax, which yields the 
best possible results. It will probably be found that Diatoms mounted in 
gum-styrax are less liable to accidents than Balsam " mounts," 
as the latter becomes resinous in time, and the covers arc liable 
to "spring," the result of which is the appearance of prismatic 
colours in the Balsam, wliich are not only a great eyesore, but sadly de- 
teriorate the slide. Gum-Styrax may be considered absolutely permanent 
and unalterable. Purified Styrax contains a granular substance, which 
must be removed by dissolving it in chloroform and filtering the solution. 
The solution thus obtained is used in the same manner as Canada Bal- 
sam. Styrax solution is even easier to work with than Balsam, and air- 
bubbles are not produced in it by the application of heat. The crude 
Styrax as purchased, should be exposed in a thin layer to the sun for 
several weeks. In this way much of its yellow colour is discharged, the 
water it contains evaporates, and it becomes hard. It may then be dis- 
solved in chloroform, ixs already described. Instead of chloroform, ben- 
zine, or a mixture of benzine and absolute alcohol, may be employed in 
making the solution, whilst a solution in ether will prove valuable when 
rapid " setting " of the medium is desired. 
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The Mounting the Diatomacrb. 

For a considerable time experiments have been in progress in the hope 
of discovering a medium, in which to mount Diatoms, which should be 
more satisfactory, in respect of its refractive index, than Canada Balsam, 
and equally reliable and permanent ; many such media have been tried — 
phosphorus, monobromide of naphthaline, and others ; but it is un- 
necessary to enter into details concerning them, since the desired effects 
have recently been obtained by Dr. Van Heurck, who has succeeded in 
providing an admirable substitute for Balsam in gum-styrax, which yields 
the best possible results. It will probably be found that Diatoms moun- 
ted in gum-styrax are less liable to accidents than Balsam ** mounts," 
as the latter becomes resinous in time, and the covers are liable to 
"spring," the result of which is the appearance of prismatic colours 
in the Balsam, which are not only a great eyesore, but sadly deteriorate 
the slide. Gum-Styrax may be considered absolutely permanent and 
unalterable. Purified Styrax contains a granular substance, which must 
be removed by dissolving it in chloroform and filtering the solution. 
The solution thus obtained is used in the same manner as Canada 
Balsam. Styrax solution is even easier to work with than Balsam, and 
air-bubbles are not produced in it by the application of heat. The crude 
Styrax, as purchased, should be exposed in a thin layer to the sun for 
several weeks. In this way much of its yellow colour is discharged, the 
water it contains evaporates, and it becomes hard. It may then be 
dissolved in chloroform, as already described. Instead of chloroform, 
benzine, or a mixture of benzine and absolute alcohol may be employed 
in making the solution, whilst a solution in ether will prove valuable 
when rapid " setting " of the medium is desired. 

Cleaning and Mounting Polycystina. 

The siliceous shells of these lovely organisms, the beauty of which is 
only equalled by their variety, are found in profusion, and intermixed 
with Diatomaceous valves, often of extreme beauty and rarity, in the 
deposits (or so-called " earths ") of Barbados, the Bermudas and the 
Nicobar Islands, whilst an entirely new and magnificent deposit was 
discovered by the late Captain Perry, of Liverpool, at Jeremie, Haiti, 
which contains not only a large number of novel species of Polycystina, 
but many entirely new varieties of Diatoms. 

The Polycystinous " earth " should be broken into small pieces, about 
the size of a nut, and boiled for half-an-hour to an hour, in a 
strong solution of common " washing soda ;" the disintegrated portions 
being poured off into a large vessel containing clean water, from time to 
time, and the boiling in soda repeated, as also the pouring off, until the 
whole mass is perfectly broken up. When the disintegrated matter in 
the large vessel shall have thoroughly settled down it should be subjected 
to several washings, in order to remove the soda, tlie material being 
allowed to settle thoroughly after each washing. It shouM then be 
removed to a beaker or wide-mouthed bottle which should be filled up with 
water, and after being thoroughly stirred or shaken up, the material should 



Iviii. MBTHODS OF MIGROSCOPIGAL RBSEARGH. 



be allowed to settle for thirty seconds only, and the supernatant fluid and 
its floating particles poured off into a large vessel ; this process should 
be repeated 3 or 4 times, and will give the heaviest density of sand and 
Polycystina. Repeat this process with the matter in the large vessel, 
allowing it to settle for two-andro-hcdf to three minutes^ and the density 
containing the small Polycystina will be obtained. Subject the remain- 
ing matter to like treatment, allowing it to settle in six inches of water 
for 20 minutes, and the density consisting of the debris of Polycystina 
and of Diatoms will result. Kow boil each separate sediment in nitric acid 
for fifteen to twenty minutes, remove all trace of acid by repeated wash- 
ings, and finally boil each density in a weak solution of Bi-carbonate of 
Soda in a test-tube of large capacity for an hour ; this will remove all 
flocculent matter, and, after repeated washings, perfectly clean Poly- 
cystina will be obtained. The heaviest density consisting of sand and 
the largest Polycystina should be placed in a test-tube with about three 
inches of water and subjected to rotatory motion, this will cause the 
Polycystinous shells to rise above, and to free themselves from, the sand 
and they can be poured ofl* into a wide-mouthed bottle or beaker, the 
sand being left at the bottom of the test-tube. This latter process should 
be carefully conducted and repeated several times in order that no large 
and perfect shells may be left amongst the sand. Each density should 
then be bottled in distilled water. Polycystina may be mounted in 
Balsam — in the same manner as Diatoms — or " dry." Beautiful slides 
can be produced by calcining the shells upon a piece of thick 
platinum foil, or in a small platinum capsule, and mounting them 
" opaque." The neatest and best method of preparing such 
slides is to make a disc half an inch in diameter in the centre of a slip, 
allowing it to harden for some days. A half-inch cover is then to be 
cleaned and a sufficient quantity of Balsam, thinned with turpentine, 
put upon it ; the Polycystina are then to be placed in the Balsam in 
Sufficient quantity to form a surface over the cover when evenly spread 
upon it ; the cover with the Polycystina is then to be put aside (as re- 
commended with Diatoms) for 12 or 24 hours in order that the Balsam 
may thoroughly permeate the forms and all air escape ; the Balsam is 
then to be hardened by gentle heat, as already described, and the cover 
is to be laid upon a slip, with the Balsam upwards, and held over the 
flame of a Bunsen burner until the Balsam is liquified ; the Polycystina 
are then to be evenly spread upon the cover by means of a needle ; when 
the Balsam is cold a small drop of Benzole-Balsam ia to be placed upon 
its surface and a clean half-inch cover to be warmed and carefully 
lowered upon the Balsam. The Polycystina will thus be mounted 
between two covers ; now, turn the ** mount " over, so that the under 
surface of the lower cover shall be upwards, and coat this with Asphalt, 
put the mount aside for a day or two, in order to allow the asphalt to 
become thoroughly hard, then put upon the asphalt disc on the slip i 
small drop of (cold) ** French Liquid Glue,"* place upon this the asphalted 

^This is to be obtained from any chemist, and is a most admirable, reliable, aiti 
cleanly cement 
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under surface of the " mount," and when the glue is quite dry finish off 
the slide with either asphalt or white zinc cement. 

Thb Preparation and Mounting of Insects. 

There are several processes for preparing and mounting insects, each of 
which possesses special advantages, in respect of the results and appear- 
ances it may be desired to obtain. Whenever it is possible, and except for 
special purposes, and in dissections Insects should be mounted " without 
pressure," since the flattening them out under pressure results in dis- 
tortions, displacement of the parts and organs, and unnatural, and there- 
fore, false appearances. It is, however, impossible to mount all insects, 
or their parts, without pressure, and the following process will give good 
results : — 

Place the insect in pure Liq. Potass : mixed with ith ammonia fort 
The insect must not be allowed to remain too long in this solution, and 
must be tested from time to time by placing it in water and pressing the 
thorax. When the thorax is soft and the legs flaccid immerse the insect 
in water for from 15 to 24 hours, then soak it in glacial acetic acid and 
glycerine (half and half) for some hours.* Again, immerse it in water for 
from 12 to 24 hours ; it is now ready to be laid out upon the slip ; having 
done this, preserving the naturul position of the parts as closely as 
possible, place a cover over the insect and tie lightly round it with soft 
cotton, stand the slip on end to drain, plunge the slip into a turpentine 
bath and leave it until all moisture has been driven out and the insect is 
thoroughly permeated by the turpentine, drain off the turpentine, apply 
blotting paper to remove any excess of turpentine from under the cover, 
and run in "Benzole-Balsam" by capillary attraction. The cover 
should never be lifted or allowed to shift its position after the insect has 
been laid out. 

When it is desired to preserve the brilliant or delicate colours of an 
insect it should be placed, immediately after being killed by means of 
Chloroform, in Liq. Potass, without any mixture of Ammonia^ for from 
two or three days, then soaked in water for 24 hours, then placed in 
water, with 10 drops of muriatic acid to each ounce of water, for 24 
hours, it should then be laid out and immersed in turpentine and treated 
as already described. 

In order to mount insects, or their parts, " without pressure," it is 
generally necessary to adopt only the following simple process : — Soak 
the insect for two days in equal parts of ordinary alcohol and water, after 
which transfer it to absolute alcohol for two days, immerse it in turpentine 
until it is not only completely permeated therewith and all air removed 
but let it remain until it is sufficiently bleached or decolorised — in other 
words, rendered transparent — and in order to ensure this result it should be 
placed in a strong light. Select a cell, of the requisite depth, of pure 
tin or vulcanite, which affix to the centre of a slip with the French 

^Insects removed from Liq. Potass, after being soaked in water for 24 hoars, 
should be kept in strong, or glacial, acetic acid and glycerine (ball and half) until 
required for mounting. 
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Liquid Glue ; when this is dry, having cleaned the interior of the cell, 
place within it the insect, and fill the cell with fairly thick Balsam until 
it presents a slightly convex surface ahove the cell, lay it aside, as 
previously recommended, under cover for twelve to twenty-four hours so 
that all air may escape, put a minute drop of fresh Balsam upon the sur- 
face of the Balsam which fills the cell, and carefully place a cover, slightly 
warmed, upon it, close the cell by gentle and equable pressure, at once 
remove, by means of a soft brush and benzole, all Balsam which has 
exuded under the pressure, let the mount harden for a day or two, and 
then apply white zinc, cement or asphalte. 

Cells are to be obtained of various sizes, having pure tin caps to fit 
exactly over them, after the cover is applied, and these not only impart 
great strength and security to the cell, but ensure the neatest possible 
finish to the mount. Mr. F. Enock, whose exquisite entomological pre- 
parations are altogether unrivalled, is to be credited with this admirable 
device, as well as with various other improvements in the special branch 
of the art, to which he has devoted himself with such singular success. 

The Preparation op Vegetable Sections. 

Whensoever possible stems, leaves, roots, petioles and wood should bo 
cut fresh and sectionised as soon as may be — all such specimens should 
be kept in a mixture of equal volumes of alcohol, glycerine, and water. 
Sections also may be stored in this mixture. Nearly all vegetable sec- 
tions require bleaching before being stained ; very delicate tissues may be 
bleached by means of alcohol — hard and deeply-coloured stems and woods 
must be bleached in a liquid thus prepared : — 

To one pint of water add 2oz. of fresh chloride of lime ; shake this up 
thoroughly two or three times, and allow it to stand until the lime shall 
have settled. Make a saturated solution of common " washing soda." 
Pour oflf the supernatant fluid fi-om the chloride of lime, and, by degrees, 
add to it the soda solution, until all precipitation ceases. Filter the 
solution, and keep it in a stoppered bottle, in the dark. Xo fixed time 
can be given for the bleaching process, the colour and density of tissues 
being so variable. Experience, however, will be rapidly gained, and 
over-bleaching easily avoided. The sections being bleached, must now 
be washed in distilled water, several times changed, and 
allowed to remain for twenty-four hours in the final water, 
to which add 8 or 10 drops of nitric acid to each half-pint. Transfer the 
sections to alcohol, for an hour before staining them. To bring out details 
of structure and to display cell walls, &c., there is no better stain than 
Logwood, and for singly stained vegetable sections it is to be recommended 
in preference to all other staining fluids. The following process will <n7e 
admirable results : — 

1st. Remove the section from alcohol to water for a few minutes. 

2nd. To 3 per cent, alum solution for 10 minutes. 

3rd. Stain in aqueous logwood stain. (See page xlii.) 

4th. Place in alum water to remove stain from surfaces. 

5th. Wash thoroughly in water. 
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6th. Place in alcohol for two or more hours. Float the section 
lightly on the surface of oil of cloves : when it sinks it is ready to be 
mounted in Balsam. 

To Double Stain Vbgbtable Sections. 

Ist Place the section in an alcoholic solution of Iodine Green 
(3 grains to the loz. of alcohol) for one or two hours. 

2nd. Soak it in alcohol for ten minutes. 

3rd. Remove it to water for one minute. 

4th. Immerse it for two hours in Carmine fluid, made as follows : — 
Carmine, 15 grains; Ammonia, 15 grains; Water, 2oz. Dissolve the 
carmine in the ammonia bv means of gentle heat, add the water, and 
filter. 

5th. Wash thoroughly in water. 

6th. Place in alcohol for ten minutes. 

7th. Float upon oil of cloves and mount as previously described. 

Mr. Gilburt, whose vegetable preparations are most successful, recom- 
mends the following double-staining fluiil, in which the sections are 
immersed, and which produces perfect differentiation. Dissolve of 
Magenta Crystals \ grain in 1 ounce of alcohol, and of Nicholson's soluble 
blue I grain in 1 ounce of alcohol ; add to this 4 drops of nitric acid. 
Filter both solutions. 

To 2 parts of the blue add 7 parts of the magenta solution. Immerse 
the section for from 1 to 2 minutes, remove it to absolute alcohol, thence 
to Benzole (to fix the magenta) ; thence to oil of cloves, and mount in 
Balsam. 

PiCRO Carmine, Double Staining. — Picro Carmine as a selective 
double stain cannot be surpassed. The process is as follows : Take of 
carmine 2 grains, liquor ammonia ^ drachm, distilled water 1 ounce ; dis- 
solve the carmine in the ammonia by means of gentle heat, add the water. 
Dissolve 8 grains of picric acid in I ounce of alcohol, also by means of 
gentle heat, and mix the two solutions. 

Place the sections in alcohol for one hour — immerse them in the 
recently filtered staining solution for from half an hour to three hours — 
i.e., until they are sutliciently stained, — wash them in alcohol, immerse 
them in an alcoholic solution of Picrate of ammonia for one hour, and 
for a second hour in a like solution, in other words, change the solution 
once during the two hours. Place them in alcohol for a few minutes, and in 
oil of cloves as already described, and mount in Balsam. 
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A gteat teacher has said " DruwJng slioutd be cousidered nut an accom 
[jlishment, but a necessity. Learning to draw is leaminj^ the gr.immar of 
11 language. Anybody can leai'n the grammar, but wlielher ynn have any 
thing to gay ia another matter." To the naturaliat this aci:i>ni|:)li>>liDieDt i« ' 
of ^'reut importance ; acourate illuHtration adds to the value of written 
description. AteviTy point the microscopist is senaihle of its deeper siy- 
nificanco. tSuch a control quickeoH the perception, excites exact observa- 
tion, and creates an interest beyond renearcb, admiralion, or L'urio.iity. 
The compautnesB of the vision, presented by the microscope, no rivets the ' 
intention, that chnnges, disclosures, development of activities, in or^iuams 
often lost and snept away, after cursory ex>imination, rouse in a zealous 
ol)aerver an impatient desire to possesss some p'lwer, beyond words, U) 
place on paper a memorandum or recoid, however rough, of things rarely 
discovered under the some conditions, This ability is a result of practice. 
There is no royal road but that traversed by anthu»ia=m :iud ei'rnestne*a. 
Sketches from the hands of a dexterous microauopiel, marking first improi- 
sions, are often more valuable and superior than the formal ivork of lb« 
mere draughtsman, who may n' it even knoiv the significance of the siilgect, 
especially when the result ia a replication of drawings made by the actual 
observer. He necessarily falls into one or other of tlic errors ; he 
mends and improves, or obscures material points by ilriftiiig into f<innal 
monotony ; a raicroscopical draughtsman must essentially be a miorosco- 
pisi, and work direct from actual obnervaiion, eomplelely underslaiiding 
the matter before him. 

There are three well defined characteristics of microscojiioid represeiila- 
tions, drawings of tissues, or minute organisms, requiring for elucidation 
high powers, delicate conditions of light, conducted under careful obsor- , 
vation and technical skill, stlisfyingthe highest biological research, in its , 
impress demanding rigorous precision : then, rapid sketi-hing, catching 
features, gra|>liic memoranda ; without lienitaiion, or the assi^lance of tbo 
camera-luoida jotting down, and wanljiiig in, with tints, unexpected 
appeaiances, tliis readiness should be cnJtivalol by tluwe desirous of < 
adding record to observation ; many most imjxjrijitit pliuses in the 
sequence of activities have been seen and passed over, when a few rougli 
lines would have induced and helped furtlier rcseari^li, but beyond this 
lenlative work, and the stem fonnality of scisntilic requirement, is a 
Kni-huil "picture ;" at this cniciul point the capability of the microscopist 
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ant! artiat blBni.1, involvinj; knowledfte of tlie subject, the arrange- 
ment of optical appiiratUB, judgroent, and study in tlie methods 
of procedare. A drawing may be true in its scientific aspect, 
and posseaa artistic feiitures of decided in teres t—t!ie one may 
incorporate the other. Tiie illustrations nt Mr. Gosse's books are 
instances of this peculiar quality. "Still Life" has arrested the atten- 
tion of artists, of all time, from Missal Illuminators to Royal Aca- 
deniicianp, such results liave no scientific import, but like all art pro- 
ducts, awaken gratification in appreciatin;,' the power applied in pro- 
ducin); their essence, and, without degrading the le^dtiraate functions of 
the microscope, it is possibk to extract (rum ita reveliitiouf, models of 
exceptional charm and excellence, associated, moreover, with scientific 
value, Although the bins of an expert microscopisl and practised 
artist may not often touch ihe same mind, it is certain that when a keen 
perception is directed to complications of beauty, with rare conditions of 
light, and effulgence of colour, the instrument heoomes the very touch- 
stone of artistic feeling, and, beyond mere beauty (which, in visible 
nature, is inexhaustible) there are revelations of structural foi'ra, quaint 
elegancies, mysterious changes of tissues, and emhryologi'»U develop- 
ments, under radiances, hidden, not only from ordinary familiarity, 
but even from the cognisance of many wlio have not liad the opportunity 
of exhausting the reantirces of a Sue instrument, with all its accessoner. 
It may be urged that few have the ability to approach art of this descrip- 
tion, but the power of drawing, quiekly ilevelo|>a itself, especially when 
stimulated by special and eager interest, concentrated on special objects; 
no one led by inclination to contemplate what may he seen under »nch 
eirciini 8 lances, can be destitute of an appreciation of art in its most ex- 
alted sense. The education of the eye (the basis of cestlietic cidtura) as 
exercised by the fascination and mental excitement of microscopioil re- 
search, progresses in a degree hardly yet understood, or appreciated : 
eveiy fctuilent has within bis mastery this power; the manipulalioD ol 
the instrument, the means of display, the use of materiaU, arc matters 
of exporlness, and are extensively self-tanght, possibly some instnictioH 
may do more than groping alone, hut in the end experience is tite hett 
master. It is proposed in this essay to deUdI such un actual experience 
in words, directed more to mental judgment tlian technical education, 

A microspopionl drawing may be absolutely true, and an artistic grace 
secured, by preserving line for line what is actually presented, asKUmini; 
the prejiaratiou to he fairly perfect, in other words, not drifting into u 
stilted diagram ma tic style, or wandering imm close observation, becauM 
the subject up/Karti In have a certain regnlarity ; no two cells, veeaele, or 
fibres are absolutely alike ; to give " life " to a picture, every part o{ tba 
slri^cture should be a j>ortrail, the pencil deviating from aceurticy metis 
into fiilsity and confusion, Hniformity it fatal, ami obscui'cs important 
differentiation of parts ; again, in onier to delineate what is DX|>ect«d, vt 
wished to he seen, aiming at " correction," is to b« avoided ; it is liettcr 
to draw imiwrfeclions, if they he present, an ovi-rlupping or torn etruc- 

e often reveals an important fact, so patent is ibis, that a " [itbrieiltt)4^ 
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drawing maj be detected in a moment, eBjieciatly of DintomaccouB or 
lofiisorial fotina— a liroken fragment, a solitary individual is the clue In 
a perfect whole, or group; such built up nrraiigementa linve no chnrm 
bejonil teclmicality. A good representation possesses a mingled quality 
ol accuracy and imperfection, a paradox, which stamps its value ! Sup- 
„poBe ft preparation of vertical section of human scalp of mro excellencp, 
double stained, disclosin;; beauty in many perfect hairs traceable in their 
direct from the base of tho bulb, embedded in the follicle, and 
emerging from the cuticle above. In cutting a section of such 
delicacy it would be impossible to avoid slicing through a hair or two 
diagonally, thus leaving the tops of some, the ends of others ; this result 
or defect, is a feature of significant interest from an art point, faithfully 
'Oopied it gives life and character. In o diagram, the imperfection, by 
itompartson with perfect hair?, might be remedied, the mutilated parts 
["restored ;" but such an interference destroys at once the graphic quality 
lOf the picture, adding nothing to its scientiSc interest, Absolute 
!«ccuTacy in depicting what is presented may, however, in some cases, be 
juelified, and truth evolved by a knowledge of the structure as it ghould 
itppear, particularly in cellular tissues, in close contact. In such cases 
rtiie artist ought to be cognisant of elementary forms, as arranged under 
toontiguous pressures, and the position of spherical, oblong, or cubical 
ralastic celts, as affected by juxtaposition in, over, or under spreading 
layers. Coupled with the perspective of such conditions, tliie facilitates 
progress. In opaque subjects, under binocular vision, where the rotundity 
of a reticulated surface fades in dimensions, and shadow, in different lines, 
this abstract knowledge is important, and should he acquired, as many 
objects could not be effectively represented without its study — always 
keeping to general appearances ; it is an ability which removes difficulty 
in unravelling the disposition of parts, especially under high powers ; 
when sections are cut either too thin, slightly oblique, or disrupted by 
Uie knife, the mechanical interferences of parts when understood, may 
be restored. The functions of an artist, cognisant of a condition of 
antecedents may be fairly exercised in the progress of a drawing, but it 
must never trench upon absolute truth and discrimination in treatment — 
% drawing may be ruined in a moment by a false line involving impossi- 
bility of structure ; to a critical eye, this is fatal. In fine work, dealing 
with malpositions, shrinkage of tissues, disseverances and pseudo-appear- 
ancee — inevitable even in the finest preparations — the utmost judgment 
if required; 

Tho effect of a microwopical drawing is enhanced by its inclusion in 
a circle — surrounded by :i black margin — forming a square. The siie of 
the circle is important — it may be too large, or too small ; experiment 
proves that a space three inches and three- '(uarters in diameter approxi- 
mates nearest to the impression made on the mind, of a " lield " as 
seen with a B eye-piece, this circle may encompass magnifications under 
any power. A metal plate four inches and three-quarters square, with 
an opening of the dimensions given, should be procured, this ascertained 
gauge will soon prove a necessity— placed on a drawing block, a pencil 



ewept round Ihe circle sdcI outside the square gives the interior torrl 
dra^tin;; and the lines for hai;king with Indian ink — the^c discs should 
be prepared before the work is commenced, and the importance of this 
arrHngement will be shown hereafter. 

The help derived from the camera-hicida is strictly limited, it cannot 
be employed beyond a ceitain point, no elaboration can be effected by ita 
prolonged use, it should be discarded the moment its legitimate purpose 
of marking points and positions is achieved ; those experienced in its 
employment always feel a sensible physical relief, and " breathe again " 
when it is set aside to settle down to the earnest work of direct Tision ; 
its epplicntion to the inslrnment is sufficiently familiar, the micro- 
scope rendered monocular by witbdrawint;; tbe prism, the camera- 
liicida is slipped over the A eye-piece — which should always be 
nsed (higher eye-pieces expand the field beyond the fair ran;ze of the 
instmmout), clamping the object, tbe microscope is depressed into s 
true horizontal position (if not, a distorted picture would be the result) 
and the lights adjusted, the distance from the object to the eye-piece 
should be nearly equivalent (if anything a little more), to the leach from 
the eye-piece to the paper. With a raicrosr.opo standing ten or twelve 
inches high (a Boss No. 1) this comlition would reveal the phantom 
of tbe object, outside or about tilling a circle of tbe dimensions given on 
the drawing block, if any differonco of over, or witbin, lapping appeal, 
it may be remedied by raising or otherwise atijusting either the paper or 
the microscope so as to obtain a perfect coincidence of the vision and the 
circle, the importance of a measured disc is now manifest, proportion is 
affected by distance from tbe eye-piece, and with this gange and a stage 
micrometer, a drawing may be kept to measurable hounds; difficulties 
have existed as to amphfications expanded by the curaera-lucida, absolute 
accuracy may be ascertained by the use of micrometers as tar aa tbe eye- 
piece is concerned, but the IcTWwn diameter of a circle on wiiich tlw 
image is projected, is an easy factor in such calculations, beyond this, lh« 
circle is mechanically useful, if the block should slip when using the 
camora-tucida, there is an ascertained line for re-adjustmenL The light 
on the paper should be in excess of that from the object ; speed and pM- 
cision are essential, quickly make recognised points and lines, uerer 
attempt to draw detail, nothing fatigues the eye or distracts the mind 
more than the prolonged employment of the camera-lucid a. No ndvanca 
can be made by its continued use, any attempt at elaborate work ond« in 
confusion. Cultivate the " knack " of seeing at the same lime, and in 
the same position, the roflections and the image of the tracing point (die 
hardest pencil, sharply cut) ; it is not necessary to strain the sight to 
keep the mtire field always in view, there is a. condition of eteadjr 
gazing, the eye not too close to the prism, when farts of the object 
can he taken separately, but this is a reaidt of the facile use of the instni- 
ment. The neutral tint glass or any form of reflector, giving only ont, 
and, consequently, a reversed image, is useless, for afterwards conlitiuing ■ 
drawing from direct vision, but with any description of camera-laciihi 
the pencil, once placed on the paper, should not, if possible, bg liftod 




iiUiw, wbkfe. obvioMly, esmtot be hidy dudiMcd {txtx^k at a kv s(i»- 
{■orUDt detail), an tKjoai the Mope at Uw eitde of popular tmmj. It 
taiut then be atnadMicd, tke d» » i ng cpnad evt, md nade in aeetioH 
bj Fhiftin?, lad eonboriBg rawM, Utb^ the i ewi ii liifiMi my put 
ma; be tantaSy dnwa. Baking tvo or three (if aagaki; Um 
better) ptcraiDent poiaU, cone^oodtng vhh snaOar appear- 
.antes in the caliject. Tbcee laiiks v tri-aosvlatiaas (u 
ItMt the BiaijpB of the feld as poasible), miul be leatMa- 
bered, the poriiioo of the otject ia tben »OT«d bjr rtag* adjntt 
tnenU, and aDo>*her pirt of the field anangeil, the inehiied saiked poiat* 
are coincided, bj ■bifting thf block or paper, and furtber oadiaaB ex- 
panded, in thii waj the eamen-iacida maj be used -an^a ki^gt pewen 
with four or even *ix com hinst ions of vifion — an) th* parts, vita eai*^ 
will " re^ into " each other, and remit in a drawing of ceoavierabla 
dimenfionF, perfectly mapped, and true in eontoar. it may than ba «c»- 
tinned part hj part. 

After faint outlinen and poinU of certainty are secimly indicated, the 
nticRMCOpe ia placed in position, and with B eye-pie<^e« drawing fran 
direct obaervation commenced ; proton^ work is foctUlaletl by removing 
the cape of the eye-pieces ; when attention is continually diverted frt^m 
the instrument to the pencil the fntigue is lessened by keepinj; the eye* 
aome distance from the glasses, cultivating a faculty of losinj; tite reco^ 
uition of the efifi>« otijecls, only directing the nlcrtnoss of vision to tlia 
particular part under consideration, in fact it is not neeessAry, nor, ia it 
prudent to strain the n^ht to keep the full blaion ol the field ond#r 
observation, and this rule may, with advantage, be nnplied to tiie gvnonit 
use of the microscope. At this point, steady wotr commence*, faint 
camera indications arc studied, lines coirocted and strengthened, ritlter 
with pencil, or lietUr, a fine sable brush or pen, carrying a mere lint ol 
Indian ink or "PLiyne's Gray." Extreme care is nooosanry ; no mistake 
of line cnn be peniiitLed ; paper, intended for such dmwint;, and •lelinale 
after colourinj;, does not permit erasure, or the cunlact of any nibbing 
out substance ; and conaisiont with the subject, too niiiuh fine fiM 
cannot bo put into the work ; no nttempt at shading, eithor with |i«n nr 
pencil, must be attcmpteJ. Tiie liiie^ being perfeutu<l, and llie siiIiJmI, 
m it were, " modalled," the painting miiy now ho oaulioiiily oumuinhi'ed. 
Xlte nhaorbont qunliiy of paper (well known to those acciislnmed to 
water-colour sUetcluDg), iutcrfores with, aiul sonietimue helps. 



leBUlts; without entering into the rationale, but bearing upon the point, 
it may be mentioned that no wnsh or even line should be auperiraposeil 
or carried over another until the first be pFA-feclly dry ; stippling should 
show a granulated appearance, lost when touches are allowed to run into 
and become absorbed by each other. 

Illumination, and its liivfiraities, for art work, are of as much import- 
ance 08 the amplification. Power and light shimld be adapted to each 
other, and to tlis charactei' of the subject, its mode of preparation, and 
what it is expected to rereal. The light, whether from -gaa (argand 
burner), or oil, should be capable (in the catio of nas, by means of flexible 
tubing), of being plitcod in every possible position, from the aurfaoe of 
the table, to, or even above the level of the stage. Ordinary transparent 
objects, under low powers, are sufficiently shown with tmaamittad light 
from the mirror, modified through a diaphragm of wiixed tissue paper, 
ordinary preparations of insects cannot be better displayed ; the best 
reflected light is from the eide speculum, collected ffim a flame through 
an intervening plano-convex \ews, on a iteparate dand. Iri nil oliserva- 
tiona, even the simplest, accuracy of light-focus (often neglected) ia 
important For powers beyond the half-inch, transmitted light ia 
aided and improved by the purity and control afforded by the 
achromatic condenser, an instrument iu tlie liamls of novic«e, 
not always well managed, or uufficiently appreciated ; focusing on tfa« 
same plane as the object, the source of light ; it is capable of regulating 
intensity, purity, and deviation of rays — by apertures and stops, with 
which it is supplied, and thi^s the most varied combinations may be 
secured. Its use should be thoroughly mastered ; as it produces the 
moat beautiful, instructive, and even amusing effects. For iostauce, 
with a half-inch objective and full aperture, carefully focus, on 
a ground glass slip, the flame of the hmp, now interjiose a dub 
stop, which should occupy, iJi the centre, about one-thiid 
of the field ; removing the slip, replace it with a group 
of (say) volvoK-globator ; tiio plants will ho seen rolling from the outer 
ring of pure transmitted light, into the central black disc, where thay 
appear like emeralds ; free-awimrains rotifers will pass backward and 
forward, from the outer ring of parallel rays, into the eclipse of the SaA 
stop, where tliey became by oblique radiations, self-luminous ; no finer 
example, as showing in one lield, at the same moment, two extremes of 
illumination, could be place<i before the microscopical artist, or bii 
ordinary observer to prove what may be effected by an adept in the iw» 
of this beautiful instrument. With low powers striking presentations ti 
artistic illumination are under easy control ; in parlicuUr, the use of lb* 
paraboloid combined with light from above. An experienced mtoroeeoi^ 
ia familiar with alt those methods— but the artist, alert and eager br 
expeiimental conditions, often hits upon effects not generally applisd, 
possibly sncrificing scientific truth to ssthetic desire ; a result of postttOW^ 
and foci of illuminators — their nccurate or eccentric adjustment, euliinf 
off centrxl or periplierid rays, dispersing or hnlf nhscurini; l^gU 
by intiTVening triinspurenci",*. Tlio imporlnnce of such combiijaUo«»i| 



paramount in the examination of scmi-opaqna objects immersed in a 
thick bed of medium, without pressure. These preparations are in 
parLs dense, even eoIiu, combined with tissues of extreme delicacy and 
transparency ; nothing beiiiy crushed, they shew iJie impossibility of 
revealing the correlation, or association of parts, by mere transmitted 
light — or in any way, except (may it be saiJ) by artistic discernment. 
The head, and sut-rounding parts- of an insect, prepared in this 
way, with jiure light from beneath and above, discloses a combination 
of form, and colour, of surpassin;,' beauty, the blaze from the speculum 
sweeps over the opaque ]MirtB with reflections revealing the most exquisite 
tints, while the paraboloid shows, in Actual perspective, the parts beneath 
in all their natural colour, and bathed in refulgence. An opaque polypo- 
dom, touched by such reflections, while the extended polyps arc illumin- 
ated from below, is another instance, amongst many, of beauty, exalted by 
light. 

Par purely opaqiio objects, the only good light is from the specnlutn, 
by no other mcaus can the hnest etTeete of colour and shadow be obtained. 
It should be fitted to the daTui of the instrument, not to the stage, nor 
should it slip on the front of the objective. On tlie stand it can bo moved 
without disturbing the object or the focus. The old fashioned Lieburkuhn 
cannot be used ; it requires an object to be prepared in a particular way, 
and, as an illuminator is palpably defective, the light completely surrounds 
and enwraps the object ; brilliancy is present, but no contrasts. In using 
refloctora, the lamp should he placed close to the level of the stags, 
within easy reach of condenser and speculum. 

In painting purely opaque objects under top light the treatment of 
background deserves attention, egga of insects or parasites, are generally 
attached to fragments of wood, loaves, cuticles, hairs or feathers — it en- 
hances the effuct, and beauty of a representation — if such details are ciire- 
■fuUy painted, and the rest of the field delicately stippled up with Indian 
ink, to the edge of the circle. This applies to many subjects — threads of 
nlgse, or vegetable stems supporting such objects, as fixed rotifera, polyzoa, 
«tc., introduced into a drawing, add greatly to the interest and make 
moat attractive pictures. Any prepared mount or specimen should be 
.fts perfect as possible, and congiderahle experimce is necessary in order to 
decide, what is fairly good as a preparation, and . aoiih thamng, 
.Cotnmon objects of easy procurement from the woods, the 
garden, and the stream, are exquisite models for the draughtsman, 
their excellence, interest, and freshness are necessarily superior lo even 
the admirable results now obtained by professional preparers, aided by 
ntecbanical appliances, anil rare skill in the use of re-ageuta and staining 
fluida. 

la illuitratian ot iWamxtaliou of t prceiK oliject, as affected not only in >|ipear- 
BncA, bat iu cotaur, TaUrtnix may ht iuiJ« to the plile, wliji^h repreieats n mm- 
vBiMicetian of a Hpiun nf Ecliiuiii ua<ler rour 'livcrao conditions, the nfiper iliTUioa 
(1) with Curly f^oil i rail bid iiti'il lixln*i soU (2) iiniirovitd by a condfoner, th« 
tiwcT ponior. (1) uiiJiir qrlmiry nfUcUd li^ht, a ad ('2) tided by a paraboloid or 
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It 18 obvious that objects under polarisal light, ftte practically bayond 
the power of faithful deliiieatinn, in all painting, whether in local lint or 
shudow — purity of colour nnd the preservation of brilliancy — is of the 
first importance ; in order to render, beyond a mere seinblanctr, any subject 
uiiiler the polariBcope, it would he necessary, if auch a power were jtossible, 
to dip the pencil into light itself, and an insuperable dif&culty exists in 
thb permanent preservation of the adjusimenti necessary for future 
wiirlc, the slightest touch, or alteration of any part of the instmmenls ; 
and dven an obscure change, beyond all control, in the quality of the 
source of light altera the entire gamut and consonance of colour, imporai- 
blet) re-e«iuhliah, yet, if selenitc filmi be dispenied with, some results 
may, with care, be recorded ; petrologicat preparations, the dichr>isni of 
crystals, sections of shell, bone, scales, horn, and other serai'tmusparent 
organic structures, of varying densities, reveal puints of interest only seen 
under such conditions and may be noted ; but considering that the moat 
exalted light at the command of the artist, is the white of the pai>er, 
(in all cases, to be jealously preserved), and that the polariscope <lts- 
closes the purest eoloured lights, associated with complimentary tones of 
every gradation, it is clear how futile are the resources of the palette to 
depict the lustres and unisons of tones as revealed by this fascinating 
instrument 

Strudnre and its thoughtful exposition is the limitof draughtsmanship, 
and it is here thiit the photographic lens as a delineator fails, the superiority 
of workprodiicedby a hand guided by cultivated observation as compared 
with a photograph is the operationof amindcapableofoxpressingcombined 
and sui«rim|)OBed tissues, in having at command a control and adjust- 
ment of various planes of surfaces, and without militating against 
scientiGc truth, seeking for, and obtaining oven picturesque effects, this 
important power is felt when searching the depths of an opaque injection, 
or peering into intricacies of tissues. The objective used in micro- 
phoiography, especially if it be a high power (unlike the i>eneirating 
quality of an ordinary portrait lens), is strictly limited to one, and that 
a very delicate focal plane requiring a tine end fihal adjustment, en- 
hanced by the difficulty that the visual and chemical foui of luicrosuopic 
objectives do not coincide, entailing a manipulation which never touches 
perfi^ct precision ; on the other hand, a draughtsman may arrange a 
minute and jua^ perspective of parts, absent in a photograph, nnlicipiitina 
the presence of'^ relative parts, and having at command the fine adjtist- 
ment, he can feel liis way, conscious that at the slightest touch a iretb 
point, perhaps an iniportimt revelation, flashes into sight, supplying a 
link to the better understanding of the whole. A drawing, produced 
under thoughtful guidance, conveys \-o an appreciative observer an .ittmc- 

In ibe catublUhniBnt ofa " cxbinet " nothing should be silmitted, thit is pro- 
eurabic, freili lod liviaK, st each recarriug seuoa. A " coUectioa " should \m 
ttrivtlv limited to typicsl subjects iliifioult to procure snd requiriDg ipei-ial trest- 
mtnt, involriiiR eection cutting, injection, ditnaction, or methods of prc^enation 
■nd rcTelntion, neeeaaary far tulure stnrlf ami reritrKnce, this would eirlude fr ont | 
"^'■'- - (iualaiicBs neei! not bo patiicuUriscd) much, which even dagradcs it. "^ 



tion totally absent in a photograph ; the latter may possess llie important 
and essenlial element of proportion and freedom from exaggeration, but 
exactitude is never absent from a drawing disclosing understanding, and 
conacientiona treaiment 

There may seem little or no analogy between landscape and micro- 
scopicnl painting, but the same principles are involved — points of tijjtit, 
effeclivo light, general entouragR — possibly a "preparation," dealing 
vith unusual nnd unexpected complications of line, embracing phjraio- 
logical diflScnltie?, requiring delicate conditions of luminosity, demands a 
deeper judgment, for it is often necessary to prepare the mind by careful 
■nd prolonged study, before the paper is touched ; especially in con- 
■idering and anticipating difficulties of representation, und how they may 
be overcome — dciicuto structures, under the most careful illumination, 
often appear as sti'eaks of light, when a slight touch of the condenser 
may reveal distinct lines. These are points to bo studied ; 
in fact, the subject should bo "gone over" nnd arrawjed in nil 
■particulars, so that it may n^t outstrip the power of the pencil. 
All materials should be of the finest quality, the paper, hard, thin, 
Bmooth, and ungkzed — delicate pencil drawings may be made on Bristol 
board, but such or any glazed or hot-pressed surfaces, are totally unfitted 
.to lake colour. Fine drawing paper is prefirable, when blocks arc used 
each surface must be examined for imperfections with a hand lens ; a 
dBlicate painting may be ruined, at a critical'point, by an imbedded hair, 
an abrasion, or minute speck ; in the manufacture of these blocks, it haa 
been found that in cutting up and folding the paper the true mrfaee is 
not in every piece placed uppermost. For important work it is safer to 
select sheets strained in the usual way, in a tmalltised folding drawing 
frame. Paper improves by age. If of undouhteil antiquity, it fetches 
high prices. It is impossible to render satisfactorily, on a white euiface, 
opaque preparations showing minute injected anastomosing veins, arteries, 
at glands, the dark interstices separating them, cannot be drawn, or picked 
out, without sacrificing the regularity or destroying the uniform diameter 
of the vessels — but such subjects may be effectively painted on a dull black 
paper, which may be previously pasted on a drawing block imder pressure, 
using opaque or body colour, vermillion, yellow ochro, Antweq) blue, 
and carmine, combined with and regulated for aubstancc, and lint, with 
line white and gum wntor. Payne's grey, with zinc white, produces the 
peculiar shadowy hyaline tone so often seen as a substratum in such 
preparations where semi-transparent spongy tissues are involved — fine 
efTects of receding distances — in following the depths of stractures, may 
Im produced by its use. Numerous brushes of sable are requited, the 
baits short and coming to a fine point, ihey should be of the best make, 
.QO brush that has touched Indian ink can be used for delicate coloor, and 
'those employed for carmine, yellow, and blue, should he marktd and 
kept distinct, the same applies to pens, often required, but the pen carry- 
ing colours must be used with extreme discretion. If a fine line can bo 
obtained with the sable, it is of higher quality, moreover with the handy 
pen, the temptation is great to obtain hurried results by strokes and 
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dots, but for pure black and white memorauda, or repreaentationa reqiitr- 
iny speed, nothing can equal a fine pen, ciiarRdd with Indlau ink, or 
neutral tint, remembering never to approximate, or orosa a line, 
until it be properly dry ; with this precaution a pen draw- 
ing may approach the semblance of an etching. The colours 
should be dry cakes, the palette preserved aa pure as possible ; 
moist pigmenfa, rubbeil from pans, become contaminated, and 
even dry cakes should be kept sepamti^d ; loose nuil in coulnctlhey 
chip and soil each olhpr, Quality is all important, use only those which 
are " Ira naps rent." Mnmiala on painting contain lisla of recnmraonde*! 
pigracntd, and their qualities, j;i?nerally meel ing no attention ; for the work 
in question, it may remove difficulties, to remember that inijiorlant coIouk 
are neutral tint, Payne'a grey, Antwerp blue, carmine, scarlet lake, yellow 
ochre. Hooker's greens Nos. 1 ond 2, and raw Sienna — coloura to avoid, rer- 
million, cadmium, the umbers, Emerald };reen, and Vandyke brown. 
These are densely opaque, and " lo:id " too heavily for delicate work ; n 
gooil leat ia to rub a portion of each cake of a well-furnished box on a 
clean porcelain palette, side by side. When dry, those which appear 
dull and dusty (however useful they may be in landscape in large thin 
wnalies), reject t everything may be nccompliahed with the remainder. 
There is nodiRiculty in conUucIinga paintingby artificial lightwlien conTe^ 
sant with the character and combinations of the/r4c colours really required, 
a precaution, however, is necessary in painting tissues stained nrtiticially 
with logwood or an^ine dj'es ; these colours are very deceptive, and 
differ in appearance under degrees and qualities of light, logwood 
stain (often used) in daylight has a blue tinge, under the tamp it appcan ' 
as a decided port wine tint, and a. difficulty may, (in fact, does) ensus in 
matching day, and lamplight work, Wlion the entire subject hins to b* 
painted in the same lone, cakes of " Mauve" and "analine blue" nov 
to be procured may be used alone, and thus stained tissues can b* 
painted under any conditions of light without leading into error. It 
need hardly be said that such abnormal colours are to be used exclusively 
for those special preparntionp, and should never enter into the compoci- 
tion, or even touch a generol palette required for valin-al lepresentalioDr. 
Indian ink must be of superlative quality, the difference in price, ■!■ 
though not deadly, is great. A piece should be secured, regardteea i4 
cost, and treasured. 

With practice in cultivating t(c™ra''j/ of touih, certainty of line, ml 
forgetting the existence of rubber and knife-edge, no difficulty nay b* 
anticipated in drawing on wood, que, or lithographic stone. 

Crouch End. E.TJD 
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It is too late in the Jay to cUim any Ofiginftlitj for the siibject of tYA 

chapter, since the application of photography to the ilelineatimi of micro- 
"Copic Dbjecta is almost as oM as the photographic art itanlf, extending 
liftck even to the days of Dagneixotype. Microscopisls of the present 
(.'sneration sliould thiiik of thta, and while pnyiiig tribnte to the patient 
perseTerance with which their forerunners must have worked under all 
NDrts of disadvantages, should blush that, notwithstandiag all the recent 
ivlvancea and all the simplicity of the ge latino- bromide process, so few 
iivail thnraselvee of the fucilitiea it afTorda for the trutlifiil and beautiful 
delineation of the objects of their study. The chief reason for this neg- 
lect is probably the i<toa among the uninitiated that photography is a very 
complicated and difficult art, dependent upon a very uncertain con- 
dition in our climate — bright daylight — and that unless a perwsn 
had the necessary day-time leisure and wore expert in oslinary photo- 
t^phy il would be useless to attempt this aprtcial application of the art. 
It is to expose the fallacy of all this, and to show that any microsco|iiBt 
armed with a small text book and with a simple apparatus which il is 
quite within the bounds of posaibility for him to make for hiraseif, and 
having no leisure time bat the dark winter evenings, can, after a few 
weeks' practice, produce pictnres of objects in his collection which for 
absnlutu fidelity, aye, and for beauty, are incomparably sugterior lo the 
highest flights of the drnuglitsmnn's skill. In taking up the study of 
photography n beginninj; must be made aomewhere, and the tyro's first 
efforts may as usefully, and with as gr«nt a prospent of ultimate 
success, be directed to this branch as to any other. It is a matter, 
not of doubt, but of certainty, that his first attempts will bo failures, 
from undereKpOEure, over-ex posuru, forgetting to draw Iho slidi-, and 
therefore no exposure, fog, frills, stains, pinholes, timler-developnieiit, and 
other causes, but had he commenced with portraiture or landscajHts he 
would have had the same dismal record of goo-1 plates gone wrong, 
and would have hail the additional gratification of many an unproductive 
tramp. Therefore wo would say Iw not deterred from taking up the 
b«eauie you are not a photographer. Start opermtions an<l liocorae 
It will, of course, be impossible here to give any elementary instructii 
in photography pure and simple. All that can be done is to des 
such apparatus and processes as are special to this {larticuinr work. 
nil that in general a goo-l text book of photography must bo coii"u' 

lUln Abaey'ii " Initruction io Pbotograjiliy," himr «u<l Carter, i 
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Ixxiv. METHODS OF MICROSCOPICAL RESEARCH. 



Tlie iip|)iii'atuR employed is simple. It consists of a mi[:roscope of 
any ordinary construe Li on, n powerful Eource of ll^'ht, nud a camera. 
The mirror of the microaeope is diacarded except for special purposes, 
because the loss by reflection is very serious. The microscope (see Fig.) 
is placed horizontally in a line with the eource of light, and with ils 
tube inserted by a li^ht tight joint into the front of the camera, which 
is supported at such a height that its centre coincides with the optic axis 
of the microscope. The object is held on the vertical stage by means of 
spring clips, and the light from tlie lamp ia condensed on it by one or 
more condciieing lenses. There are two chief methods in use. In one 
the eyepiece of the microscope is renioved, and the inverted image i* 
received on the sensitive surface where it is first formed. In the other 
the eyepiece is ixitained in its place, and the image first formed in its 
interior is formed again with additiunal magnification by tbe aid of the 
eye-lens. By the use of the eyepiece the advantage is gained 
that any ordinary camera may be used, end in consequence of the 
shortness of the distance between the focussing screen and the micros- 
cope, the various adjustments of thi.- latter are accessible, while focussing, 
without any special arrangements. In order to seciu'e the same amount 
of magnification or to cover the same sized plate, when the eyepiece is not 
used, the camera must be of special construction so as to be capable of ex 
tension, to two or three times the former distance, and when so extended 
to^ — say a yard — the focussing screen can only be reached by rods and 
bands or intermediate gearing. For faeilty, therefore, the eyepiece method 
is commendable, hut the impairroent of the image and the loss of light 
due to the interposition of two additional uncorrrectud lenses are so con- 
siderable that we would ndvise the removal of the eyepiece for all but 
special purposes, such as the covering of a very large plate. 

The microscope mny be of any oi-dinary construction that will allow 
the body to be placed horizontally, and it should have a stop (o prevent 
it going beyond that position. It should be provided with a coone 
adjustment, by rack and pinion, and a fine adjustment for alow focussing. 
Very mucli of tlie huccchs of the work depends upon the excellence w 
the alow motion. It is always a very important part of the microsoom, 
but for photo-micrography it becomes very much more so. It should M 
free from the slightest lateral motion, lest, in focussing, the iniat;e be re- 
moved from the centre of the plate, a very small displacement of the 
object glass being suthcient to effect this, when working with high 
powers and a long camera. It must work with equal smoothOHi 
and sensitiveness, and without loss of lime in either direction. If 
the tube of the microscope can bo shortened by unscrewing the (aft 
above the fine adjustment so much the better, for when wait- 
ing without the eye<pieca, a long tube, especially if it b4 ■ 
narrow one, greatly contracts the field. This is one objection to the Jtdt 
SOD Lister form of stand for photographic work, and ibe difliuultj ha! 
can only be got over by selecting an instrument with a wide tube. "Htm 
is another objection to the retention of a long tube, whether the eyapiM' 
be employed or not It is certain to give rise to a " (tare " of light tf l^ 
flection from ils inner surface, and flare, whether arising from thia 




or from llie setting of tho object glass, or the interior of the camera it- 
Eelf, 13 nbsohttely fatal lo tlie praUuution of clean pictures, and results in 
the ililTusLon of a uniform light all over the jilate, nhicU impairs the 
purity vi the shmlows nnd produces n general fog. Ojie chief sent of 
this Internal inflexion is the fine adjustment ttihe. No amount of dend 
bholceniiig, or even lining willi bktk v^Jvetwill completely stop it. The 
only ihin;,' to be done is to interpose aloug tlie course of the lubes of the 
miciD-'cope, and in the camurs, and even llie object glass itself if neces- 
sary, a series of di'iphriigms. Tlie^e may he cut out of visiting cards 
with gun punches, and gIneU to nnrroir rings of cork to give tiieni a grip 
of the tube. They and the coiks must be painted dead black with water 
co!our(lamp black), and their number, position and sperturesondjuBlcd that 
a line drawn from the centre of the object glass to the edge of the tube 
when at its shortest shall just graze the edges of all these apertures. 
Thus arranged they will not conlratt the field, and will not allow a ray 
of liglit lo fall on anj'thiiig but the front faces of Ihi^ diuphtagms them- 
aelves, whence it cannot bti reflected to the plate. Wlien the eye-piece 
is used the diaphmgins must be diffcronily adjusted, for the tuba then 
practically ends at the front surface of the field gloss, and its diameter ia 
pritctically the clear aperture of that lens. A slight eliding backward or 
forward of the diflphrngras will be sufficient lo effect ibis adjustment, 
In the camcrik itself the diaphragma, if I'equired, will take the form of 
sheets of blackened card with central apertures. The writer, who worka 
with fju arte r plates (ij'hy 3^,") prefers lo miike the apcriure nesrcst tho 
microscope small and circular, the next larger and shortly oblong, with 
very I'ounded comers, the next more oblong nnd with less rounded 
coriierfi, ;ind the last ohiuiig with acute corntTB and the sh.-ipe of the 
plate, but a trifle sninller. On looking tiiroiigh the whole length of over 
a yard of camera and tubes when so arranged, nnd with a blaie of light 
streaming in from tho condensetr, not a single stray beam can be seen, 
and nothing is visible but the object glass " lull of light," Then when a 
plate ia propeily ejtposed and developed, the deepest shiulowg come 
out as clear as the glass itself, and the negative prints brightly and 
quickly. 

When working with 3', 2', or even 1' objectives, (he fine ailjustment may 
be dispensed with, and then, if tho microscope bo of the old Koss |iatlern, 
tbe tube may be entirely discarded, nnd the objective screwed (by means 
of a short adapter, if need be, or simply wedged) into the arm that 
nsu&lly carries the tube. By this mtnns the field is only limited by tho 
■perlure of tho objective, and Ihvie is no possibility of flare from the 
tabes. 

A mechanical sloge, with concentric rolution, will greatly fnciliLite tbe 
adjustment of the picture in the centre of the plate. With objectives of 
higher power than \', these mechanical motions become i[idis]iensable. 
Spring clips are required to keep the object in a vertical position, hut 
elastic bnndu make good substitutes. 

The camera may bo of a size to lake plates from ^ to whole plate 
siie according to the worker's choice, but at first, at all eventa, if not per- 
manently, the smaller siics are best The quarter plate eiio (i.ft, 4|' 
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X 3J') is most generall; used, and jilates of that size nre always o 
tainable and are clieop, but we would recommend 5" x 5* as a more 
naef 111 size, conforming more nearly to the circular furiu of the fii-ld, and 
to many objacls, diatoms, echimus spines, sections of stems, &c., which 
involve a ^real waste of furfuce wheu taken on oblun^ plates. By means 
of a simple adapter a camera of this size will talce ^ plates when desired, 
and lliese can be placed witti their longer edges either hotiiontal or 
vertical. 

The camera should be made with a bt^lows body capable of closing 
np to 6 or 7 inches and extending to about a yard, it will then be avail- 
able for use, either with or without the eye-piece. To the front Gbould 
he titted the base of a smaller bellows of conical form, wliofe email end 
terminates in a wood, metal or canlhoard rin^, lined with black velvet and 
fitting emootldy and liglit tight on to the outside of the tube of the 
microscope. The dark slide which carries the plate should be single, and 
oonstnioted, to take wet plates as well as dry. Unless a very large cameta 
or a very small micro-cnpe la used, the camera will probably want block- 
ing up to bring its centre exactly to the same height as the optic axis of 
the microscope. For this purpose a light supjiort of pine siiouKI be con- 
etructed. It should he as long as the camera when fully exLended and 
should be graduated in inchi-s along one edge. If poliidied it will keep 
cleaner and look much butler than if left pluin, and will not wear the 
edges of the bellows. On the topot thissiip[iiirtthotwoendsof the uiment 
may be made to eliile, and may be secured in any position by set acnwa 
running in a central groove. 

The microscope, camera, illumin.iting apparatus, &c., are to be 
clamped down in marked positioits on a base board, about six feet long, 
11 ineliea wide, and one inch thick. The point of the base bo.ird, tmrae- 
diately below l.he position ot the object when in u~e, should be marked, 
end the board should be graduated in inches from this point in both 
directions. The camera eupftort should have a play of five or 
six iuchoB to, or from the, microscope, and when adjusted, should 
be clamped by a single turn of each of two screws, which bold 
it to the base board. To meet the wants of those who are 
content to use the eye-piece, Mr. Stanley, of London Bridge, has 
constructed a cheap apparatus, consisting of an ordinary J-plate 
bellows, camera, and a base board, to carry microscope and lamp, and with 
adjoatflble platform to bring the camera up to the height of any ordinary 
microscope.' 

As to illumination, there is a great choice, hut we may at once dismiss 
for ordinary work ; Simh'ghl, as being too precarious, and neceasitaling 
mid-d^y leisure ; Magneaittm,, as too expensive, and very dilRcutt to (ocui 
by, on account of its trick of going out when left to itself. Elivtrie an 
necessitates the charging and discharging of 30 or 40 Grove's cells, a 
pleasure that can be appreciated only by those who have tried it 
In favour of Jwamhtepnt lamps we cannot say a word. A 20-caiidl« 
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Swan lamp requires as powerful a battery as a small are, and has none of 
its advnntsgeB. Its light is not concentrated, it is feeble, and it is yellow. 
2.ime tight ia the cheapest, least troublesome, and, on the wliole, the best 
of powerful artiScial illuminaiits, but Rtill the manufacture of 
Ihe oxygen and the tilling of the bags make a large hole 
the evening's work. So, then, our choice ia limited to 
gnr and paraffin. Of these, the hitter is everywhere obtainable, gives the 
whiter h'^bi, and is nil that could be desired for ordinary work with 
objectives up to j*. Our own arrnngement consists of a paraffin lamp 
>ith 1 J' wick placed close to one end of the oblong zinc reservoir. It 
is eiipporied on a block about L'O inches from the stage. The gloss 
ehimney is narrow to allow of the close approximation of a plano-convex 
condensing lens of 3' aperture and .1' focus, which collects the light 
and transmits it in a sHghtlj convergent beam. At a distance of 6 
inches from llie stage is placed a second plapo-convox lens of 3' 
aperture and 5" focus. This further converges the beam on the 
object, and gives a brightly and uniformly illuminated disc of 
•bout j of nti inch in diameter, so that quite large objects can be well 
photographed under low powers. The object of using a short focus lena 
near the lamp i", of course, to intercept as large a quantity of light as 
Mwsible, while the longer focus lens nearer the stage secures a larger disc 
han wotilil be possible with a lens of shorter focus. The convex sides 
of both the lenses are turned towards each other. When working with the 
1 inch and higher pownrs, a further concentration of the light is affected 
by an achromatic condenser. This is nothing but a dividing French 
triplet object glass of about ]" focus. If the edge of the flame is 
Inmed towards the condensers, the light is very bright, but them ia a 
difficulty in illuminntiDg a large field uniformly. If, however, the flame 
Bake an angle of about 5 degrees with the optic axis, this difficulty dis- 
Ippears without sensibly reducing the brightness of the field. 

Hr. G. E. Davis whom we have to thank for the loan of the woodcut, 
uu the arrangement there figured, in which an optical lantern replaces 
its Bimple lamp, with the result of shortening exposures, and facilitating 
ibonuiDg under high powers. 



f. working at night, there is no need to use a focussing cloth. 

'i fir*t received on a Bcieen of the finest pnsiihle gTT>und- 

m transparent by waxing the ground surface, but ev«n 

ibw w too coarse for delicate focussing, and to get the final focua the 
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screen is removed nnd replaced by a lena of about 1* focus held ini 
hand, but nltaclied to a strip of wood, whose arms are brought up against 
the end of the camera when in use, bo that, iu shifiing it nbout to 
examine difTerent parts of tlie image, it is constrained to remain in one 
plane,and its distance has been so udjusted once and for alt, by previously 
focussing the ground-glass wlien in position, that its focal plane is exactly 
tliat occupifid by the sensitive plate, Mr. Stanley's arrangement for 
focussing consists of an ordinary ground-glass screen, with cover glasses 
cemented on to the groand side here and there, so that at these 
places the screen becomes almost as clear as plain glass, and pirts of 
the imagu can be examined through them nith an ordinary focussing lens. 
When the apparatus is used witliout tlie eye-piece, focussing is effected 
by tutuing a rod running underneath the camera, nnd actuating a roller 
round which, nnd also reund a groove in the line adjustment screw above, 
an elastic band passes. 

The possible non-coincidence of the visual and actinic foci of the object 
glasses, is a point that must be borne in mind, and each objective must 
be tested to ascertain to what extent, if at all, this non-coincidence occurs. 
This source of error is, however, usually eliminated by interposing, in the 
path of the beam between the two condensers when focussing, a glass cell 
with parallel sides, containing a solution of cupericammonic-sulphate'. 
This will cut ofT all the rays of low refran^ihility, and in 9 object glasses 
out of 10, will be found to supersede any other correction, at all events, 
when paraffin is the illuminant. With the electric arc or other light in 
which the ultraviolet rays largely predominate, the case is different. The 
mode of testing for this want of coincidence, end ascertaining its amount 
is to interpose the "copper" cell and obtain the best possible visual 
focus of some object with hard and sharp lines, with the glass to be 
tested. The cell is then removed, a photograph is taken, and if it shews 
any want of sharpness, the cell is again interposed, and by means of the 
fine ailjustment screw, the object glass is approached a little nearer to the 
object, until the image as seen with the eye is about as indistinct as that 
on the photograph. Another plate is then exposed end developed, imd 
will probably be quite sharp. If not, another slight alteration of focus 
must be made, and the process repeated if necessary, until at last the 
requisite sharpness is obtained. It should then be noticed how much the 
fine adjustment screw has to be turned, to bring back the proper visual 
focus, when the copper cell is used, and this amount should be recorded 
and applied OS a constant correction whenever the lens in question is used. 

So much for apparatus. Now wo must say a few words about the 
photogmpliic processes employed. Gelatine dry plates are the best suited 
to this work on account of their rapidity, the tittle apporatlli 
required, the cleanliness of the process of development, tind tJtnT 
being always ready for use. There are many excellent dry pUt«S o( 
various degrees of rapidity, and still more various prices in the marketi 
and it is very much better to buy them tlian to make them for one'»fldi 
A rapid plate is moat suitable, but there is no occasion for excMnT* 

aqanoits lolBIion of anlphats oF copper, u. 
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rapi^litj. There is no greater miatflko than to suppose that 3s. 6(1. will 
purchase a dozen quarter plates of hotter quality tlmn 2$. or even Is. 6il. 
The autlior now always uses Miatl's,' tliough he can speak well of 
Edwards', the Britannia, Fry's, Lnniiastcr's, and Swan's. Gi'lutine plutes 
must bo exposed to none hut deep red tiyht, and th« ksa of this thi;y sea 
llie better. WJien unpacked they ebould be stored in groovod ll^iht-ti^bt 
boxes. The most tiny ray of white light finding access to the dark 
room will ho fatal to auccess. If the microscopiat works by night only, 
he will not need a special dark room. Any ordinary room with o closely 
fitting door to keep out lump-light or gas light from the adjoining apart- 
ment (if any) will answer, provided there is not a lamp within ft few 
yards of the window and the moon is not shining brightly in. Tlio most 
convenient light to work by is that alforded by a paraffin tamp protected 
hy a chimney of ruby gloss, or a screen of good orange demy free from 
pin holes. This screen must be so nrronged as not to allow a single ray 
of white light to enter the room in any direction, while it allows a proper 
supply of air to the lamp. If he wi^ea to work by daylight ho must 
either darken a room or large cnpboard entirely, and use the paraffin 
lamp as before, or he may glaze the window with ruby glass, and malu 
it additionally secure by posting a layer of yellow demy over it, or tw© 
thicknesses of bookbinders' red cloth may be used instead of gloss nnd 
paper. In whatever way the dork room is light«d, the plate must be 
shaded from it as much as possible, and only brought into the full tight 
for any length of time when development is nearly complete, and it ia 
necessary to use all safe light to watdi tlic completion of tlie procss& 
The unpacking and storing of plates, and placing them in the dark slif 
may be conducted in almost entire darkness. 

Before commencing work the following solutiooa should have 
made up : — 

( k / Pyrogallic acid 36 grains' 

tWstilled water .. 
a solution 



For developing. . 



For hardening. 
For fixing. 



For intensifying. 



For removing stains 



M 



'I Potassic Uromide, 30 

\I)ifitillBd waler 
Potossic Bromide 16 grains IFor 



36 grain b\ 
6-^ ] 



>css& 



Distilled water 
f Ammonia solution . 
I Distilled water ... 



Idrn 
loz. 



Alum saturated solution in 
I Sodic hyposulphite, 401, 
iCommim water, 1 pint. 
1 M'trcuric cidiiridn aatumted solution 
) water. 

'\ I Ammonia ttolntion, loi. 
( ) Common water, 8o£. 
I Hydrochloric acid, 8 drops. 
I Common water, iot 



pOBure. 
I For 
I iWBure. 
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By this time tlio picture should be full of detai], and mora lixUl 
will he required, and may lie s^afely u^ed. This i^ a most important time,! 
and great jiidi{ment is required to know when to stop ihe development.^ 
In the feeble light employed, it will teem ai if the picture ia bl.ickeiiing 
all over and disappearing, but really, if properly exposed, it is only i;ai 
iRg density. The juiijrmeut will be assisted by remnviii;; the pUte fro 
the tray, and Lolling ii, up before tha li^ht; the amiunt of Jensily c 
then be better seen. If judged insuRioieut, the plate ia returned to thai 
tray ami rocke-l a few Fe^onda lon'jor. If the exp:>3iire hai been properl^l 
timed, the whole development will occupy about 2j or 3 minuter fiom'l 
the firat application of the B tiolutioi. When at la^t the proper moment' 1 
arrive*, tlie plate ia to be removed from the trjy, and welt swilled with 
water from a ju:; or tap. It ia then to lie plitced face upwards 
in the di^h of hypo, anil left thei-e live minu es or bo, until 
all trace of milkineas disappears from the biick of the plate. It may 
then be removed from the hypo, agiin swilled wi h wuier, and if the 
wea[her is not hot a id ihe pla:e3 are known to have no londency to frill, 
it may be placed in a dish of water and tefi to soak. This soaking must 
be CO ilinued abou; sit hours, in aeveral changes of water. The plaiemay 
thou be stood on end lo diy. Heal mus*. iioi be applied lo Ima vn the 
d fing, or ii will cause the geltt iiie to dissolve. From ihu lime the plaie 
coiuea fr>nt ihs hypo it is insonsitivo lo ligh\ and, indeed, il may be 
taken into ihe light, and Gxed there as sutin as the iluvolnper tswaahe' 
off, wilhoui any considerable harm liappeniug to it, but it ia best not 1 
cxpoB'; it lo ligiit tin'il it i-< fixed. Tue phouigriipher cannot bo sure c 
the iharficter of his n'gat've unil it is Bxed, and during this process ii 
Will Undergo a remarkable change, it will lo>e its iransluceuoy and b 
oome tmiispariint. If the exposure and development have been uorrei 
the highest! ghts will be so dark as to make it very diffiuulttudistinguiel 
even bright objects through them, wliile the dee|>esl sliudows sliould b< 
ulinoat a* clear ns the plain gloss, and the half tones fud of detail. 

If on the first iipplicatioa of B, the detaU« come up with luidna I 
rapidity and then begin to fade away, the plate has b<'on overexposed^ I 
and the developer must be instantly poured back into the beaker and thai 
plate flooded willi water while 20 to 30 tlropa o[ 0, accoiding to thtt I 
amount of ovcrexpoiuro, uit muasuriHl out and added to the contents of J 
the heoker, wluch are then to be rutunied to the plate after tlie wutee 1 
has been poured olT. This will retard the development and pruscrve tbal 
purity of the t<ha<lowa while the high lights gain in deuiily. Attnr rT 
time 30 or 40 drops of B may be added to complot43 the duvetojimcnl, I 
Under-oxposiiri' la indicated by slowness in the appeanincn of detail in tin 
ahsdowsandhiilftonee after the full quantity of H has boon added, and i 
remedied by the addition of 10 to 30 drops of D to the developt^r, tl 
aU cases when additions have to be made to tlie developer the additiooj 
oubstoncv should Im poured into the bcnker, and the solution fi-oin t' 
phtto added to it. This will secure a unifumi mixture befun- 
ilevelo[)or is returned to the plate. If tlie oilditions were limply pu 
directly into tlie truy tliey would act locally and spoil tlie pictuiv. 
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operator must learn to recognize an under or nn over-e:( posed plate by 
its chmactcr after development ns weU as before. Over exposure le'iilts 
in ibin (i.e., weak or tian^pateni) flat, suft negatives, full of delDil but 
deficient of inteusily, wliile an under-exposed und furced idata yields a 
dense and iiarsli ne^'Htive wiih litile dttail. It is useful to know t]u°, 
because one moy occasioQsUy wish to give Ibo negntive a si'ft or a har»h 
character to mit some special subject. The rule in, for violent contmst*, 
under-expose and force in develo]im.ent; for a fiiiely-giadualed image 
ovcr-expo.'e, and u^e the biomide freely. For most purposes one should 
avoid either extreme. 

If the films have a tendency to frill (i.e., to pucker and leave the 
glass at the cdgei) or blister during or after development, and in very 
hot weather all plates have, they must be soaked about five minutes in 
the slum solution, both before and aft«T fixing, to harden the lilni^, In 
hot weather one should not wait for Ihe commencement of frilling or 
blistering before applying the remedy, but tnke it for granted thai it will 
occur, and pass every plate through the alum. It can do no hann in 
any case. 

Plates developed with " pryro " acquire a p«le brown or yellow colnur, 
which, if strongly marked, it may be advisable to remove, by a few 
minutes' immer.-ion in the bydrothloric ncid solution. Over-esposed or 
under-devr loped plates csn he intensified as follows. The mercuric 
cbloiide solution is tirst npplied and kej.t in motion until the De;;ative 
becomes a very pale grey, almost while. If the operation be conducted 
in a black dish the negntive will appear as a niof^t beautiful positive 
when the whiieiiing is complete. The plate should then be thoriughly 
washed for at least hulf-an-hour in several ihajiges of water. The vnnk 
ammonia solution should then bo applied, atid, in a fi-w seconds, will 
blacken the image. It will then want a Ihorutigii washing in Fcveml 
changes of water, prolonged thiough about six hours, after vhjih it may 
be stood in a rack lo dry. 

When diy, the negatives must be varnished with photographic varnish, 
flowed over them while hot. This will piolect tlie films Irom mechanical 
injury and from eilvcr stains in printing. When negatives have been 
intensified, it is especially neccssaiy to varnish them os soon as possible, 
for they are liable to turn white by exposure to the air. 

It is very difficult to lay down any general rule for length of exposure, 
since there arc so many variables — thickness and colour of the object, 
colour of the medium (balsam eapccially sometimes acquires & yellow 
colour highly objectionable), focal length and angular aperture of the ob- 
ject glasses, and the number of lenses and kind of glass of which ihqr 
are composed, length of eameia, tapidity of plates, prtsence or absence tt 
eye-piece, and mode of illumination, all have to be token into account, 
to give some idea of what may be expected, wo append particulAis of ■ 
few of our negatives. The first three wore taken with on A eyepiece, and ■ 
lamp having a 1' wick only. The plate was about 12' from the object. 

" Tt/Tiffue " of Blottfiy. BaJsaw. — 2' objective by Stanley. Home vadt 
plate. Omin. Ferrous oxalate developer. Under-exposed. "^^^ 



Diatoms. Vonciiioiiineiu Exeaouta. — 4" objeiitive and achromatic con- 
denser. Homo made plate. lOiiiin. ryro. Correct exposure. 

Diatom. AuHneug tailptut. — ^ objective by Beck, and auhroniatic 
condenser. Edwards' plate. 26rain. Pyro. " Rather over-expoaed. 

The following were lakeu without iui cye-picce, and with a lamp hav- 
ing a 14* wick. Tlio diataiice of the plate from tlie object is given in | 
each case 

Tongue of f.<U injected, arirmine and. Htaitted. Tranmenm Seeiion. 
BahuKi.^-Z" objective of 12° by Browning. Diatiuice 12|". Miall's | 
plat«. lOaecs. Pyro. Correct exposure. 

Ritchit of Pleris Aquilina. TraiuiEerne Seir-tiofi umlained. Gly jeUy, 
— 2' objective by Stanley. Distance 22J". Midi 'a plate. Imin. Pyro. 
Over-exposed. 

Human Kidney injected carmine. Transveree Seeiion in BaUam.- — 
Object yellowish. 1" objective by Staidey. Distance 36". " German " 
plate. l|min. Oxalate. Correct exposure. 

"Tij'tgiie" of Blowjfy. Balnam. — J° objective and achr. condenser. 
Distance 40". I^ncaeter's plate, l^iuin. Oxalate. Correct exposure. 

Spieuien of Sffiiupta. — Dark gromid illumination by ajiot lens. I" 
objective by Stanley. Distance 41'. "German" plate. 2min. Oxalat«- 
Coin-ct exi«)aure. 

Sfilieivf.. — Polarized light. Crossed nicols. Without uelenita 1' 
"bjeclive. Diclimce 20'. Home nmili; plate. 21min. Oxalate. Correct 
exposure. 

Cleitoid scu/ea. Shin of aole. Dry, ae opaque object. — Wliitc, but 
under covor-^Iass, und therefore loss of )ight by reflection. Light con- 
densed as utmal, but incident at about 10°. 3" objective of 12" bj Brown- 
ing. Distance 28". Miall's plate. 5min. Pyco. Correct exjioaure. 

Tliese examples have been selected as illustrative of very various ob- 
jects, magnifying powers and modes of illumiuation. Opaque objects arc 
the most diliicuit on account of the trouble of focussing by the sninll 
Amount of light they reflect. 

Although any object glass may be used for this work, some possess 
quatities wiiich specially lit them for it, and there are others in the some 
degree unsuitable. The most important properties of an objective for 
photographic work^ — good deiinition being, of course, pre-supposed as 
essential for all purposet — are penetration and flatness of field. These 
qualities are of greater importance iu lenses for photographic than for 
visual purposes, fur in viewing an object under the microscope the 
ubservflr has the power of focussing in rapid succession, and by imper- 
ceptible gradations, points at different depths and diifereut distances 
from the centre of the field; but n pliotograph represents only such 
structures us were in focus nt tbe time of exposure, and once taken, the 
focus is unalterable. It is, therefore, desirable to secure as great n 
-depth of focus end as flat a field as possible — qualities which are incom- 
patible with large apertures. 



APPENDIX. 



SECTION IV. 



THE METHODS OF MICROSCOPICAL RESEARCH. 

Page 13. — 1. 4 from foot, for *' bacteriod " read " bacteroid." 

Faue 20. — I. 19 from top, for "as a i^ermauent specimens" read "as permanent 

specimens." 
Paok21.— 1. 14 from foot, for "clearings" read "clearing.** 
Pa()e21.— 1. 7 from foot, for ••choral" read "chloral." 
Pa(;k 23. — 1. 7 from foot, for "epithelium for'* read "epithelium from." 
Pa(;r43.— 1. 20 from top, for "mythelated" read "methylated." 
Page 49.— 1. 11 from top, for " purist " read " purest** 
Page 55.— Foot Note, for " Diatomes" read " Diatoms." 
Page 59. —1. 13 from foot, for "from two or three days" read "from two to 

three days.'* 
Page 69.-1. 20 from top, for " Lieburkuhu " road " Lieberkuhn.** 
Page 69.— I. 2 from bottom (foot note), for "transmitted lights" read "trans- 
mitted light" 
Page 70. — 1. 18 from top, for "complimentary" read "complementary." 
Page 72.— 1. 24 from top, for "aualine" read "aniline." 
Page 72—1. 29 from top, for "analine blue " read "aniline blue." 
pA(iE 79.-1. 18 from bottom, for " normal developmer" read "nonnal developer." 
Pa(;e 80. — 1. 2 from top, also Line 4 from top, for "papier-machie" read "[lapier 

mache." 
Page 82.— 1. 19 from top, for "pryro" read "pyro." 

Page 83. — 1. 1 from top, for " Coscinodiscus ezcavata" read " Cosciuodiscus 
excavatus." 
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